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PREFACE. 



The snlgect of this Treatise is tbe constnictioD and u?^ of 
machines which diminish toil, and facilitate and lessen la- 
bour without superseding it, enabling men to perform what 
they could not accomplish without such aid. 

Deprived of mechanical power, a man's force is limited 
to his muscular strengtii, of which he has but little, in 
proportion to his bulk and weight, when compared with 
other animals ; his disposable mechanical force, when dail;^ 
exerted for tea hours, bcsng only abont one-tenth of hk 
weight. 

The old race of millwrights — men who designed and 
constructed their omi work — may be considered extinct ; 
and the operative engineers or "fitters "of modern times, 
although excellent workmen at the vice or the lathe, have, 
since the introduction of self-acting tools, and by the 
classification of labour, become almost machines them- 
selves. 

One man has been trained to do one thing, m doing 

which, however skilful he may be, he exercises no discre- 
tion of his o^vn ; he has nothing to contrive or to propor- 
tion. But good springs out of evil. Providence did not 
intend that man should be reduced to a machine; his 
mind will not rest satisfied in this condition; he begins to 
inquire why he lindg himself Uraa ; he desires to know the 
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relation between cause and effect, and to understand the 
principles on which are founded the orders he ia called 
upon to execute. 
It is hoped that the elementary treatises now put forfii 

may serve as guides to such persons, as well as to young 
students, in commencing the pursuit of knowledge, and 
tend to render the coiu^e straighter, and the task less 
difficult. 

The author has tor many years had the direction and 
man^ement of men in considerable numbers. He is 
convinced perfect order, strict dtecipline, and prompt 
obedience, are imperatively necess^ to ensure success in 
the combined efforts of many men; but he is also con- 
vinced that intelligent and well-informed people are more 
easily directed than those who are uneducated and ignorant; 
and be has never found that a sound education, and a 
right understanding of first principles, unfitted a man for 
the station he might hold, although they might tend to 
raise him above it, and often eventually did so. He has 
the gratification of seeii^ many persons, who have acted 
tmder his orders, now filling offices of trust and responsi- 
bility with merited credit, and others deservedly acquiring 
reputation and wealth, which they owe to the early cultiva- 
tion of their minds. 

In every state of society the many must be ruled by the 
few, and " those who think most must govern those who 
toil;" but the relations of society in this countty at preset 
have the effect of increasing wealth in few hands, and many 
men labour to make one man rich. 

This may, m part, he attributed to the ose of machines, 
as substitutes not only for labour, but for the performanea 
of operations ibrm^ly requiring skilful workmen. 
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Machines aro employed to make machines, and thus 
capital increases in a larger ratio in few hands. 

It may be doubted T^ether the aocumulation of cicpital 
in large masaes be a national benefit. If it be otherwise, 
if it be desirable to improve fhe condidofi of '* those who 
have most of the toil and least of its benefits," as has be^ 
well said by an iUustrioua Prince, then will one of the 
best and most peaceful means of modifying this unequal 
distribution of comforts be to give to the working-classes a 
soimd and useful education, and to impart to them a Imow- 
ledge of first principles in the mechanical arts they are 
called upon to practise; to elevate their character, and 
better to fit them not only to fulfil their duty in that station 
wherein Providence has placed them, but to render them 
capable of rising above it, when opportunities are presented 
to them, by peaceful and legitimate means, condudve to 
the general wel&re of soeie^. 

J. G. 

LoBSOH, 1849. 



SECOND EDITION. 

The previous edidon has been carefully read for correction ; 
the present one, it is presumed, will be found to be satis- 

.3. W. 
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ON THS 

CONSTRUCTION OF CRANES. 



Primitive Metho»3 of assistino or combining 
THB POWBB OS MbH OB HoBBlSS. . 

The Windlaw.— The Cnpstan «nd the Gin.— The Cross,— The Handwheel. 

— The Cog and Round.— The Dead-oye,— The Pulley. 

If man wcro fumi&hoil with no other means of defence, or 
of assistaiicG to his physical strength, tlian those which his 
ovm organisation sui)ply, he woukl be one of the most 
helpless creatures existing. But his hand instinctively 
grasps the club or the stone as ready weapons for his pro- 
tection ; and liiM riiiUii.'i- wants, suniulating his ingenuity, 
teach him to ihim the ohje^^ts witliin his roach into the bow, 
ti^spcar, and uthcr ajipliancc^s for the pursuit of game or 
of fish. He twists the vegetable fibre or the thong intotlie 
line or the cord, and the cord into ttie rope. From the 
fallen tree he makes the raft and the canoe. He quits the 
cave -which gave him shelter, and builds the more conve- 
nient hut and the more ample cottage, and he soon finds 
that be has to deal with materials beyond his unaided 
strength to fashion or to move. 

The pole in his hands becomes a lever to remove the 
trunk of the fallen tree, and the rope of twisted thongs or 
fibres of bark, thrown over the fork of an extended branch, 
probably formed the first crane. Although no mechanical 
power be gained by this an-angement, yet it enables several 
men to unite their strength, and one man to maintain and 
hold fast ibe result of their combmed efforts. 

That either this form, or flie rude but usefiil adaptation 
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of the lever, common in all parts of Northern Germany, 




and sometimes eeen in a more slender and commonplace 
sh^pe in our own brickyards, may, have been the original 
crane, seems not improbable ; the name given to the ma- 
chine being the same as that of the long-neckod water-fiwl, 
which, wading in the shallows by a river's side plunges its^ll 
into deeper pools to bring up its food. The Crano, la Cme, 
der Kianich, la Grua, and Cigonal, indicating in French, 
German, Italian, and Spaiiiah, that the idea which furnished 
tlie name was the same in them as in the English languf^e, 
or tliat they all derived the niacliine and the name from the 
same source, probably from the Germans. 

Most persons who have passed tiu'ough German villages 
will remember the simple and picturesque mode of raising 
water from a well by means of a tall fir or poplar tree 
resting in the fork of an elm growing near the well or 
brook. 

The root end of the popJar, assisted perhaps by the 
weight of a stone, overbalances tJic top, from which the 
bucket is suspended; the counterbalance being equal to 
half the weight to be raised, or thereabout, so that the man 
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has to pull down the bucket to make it descend into the 
well ; the ooimtezbalsnce assisting him in hoisting up the 
booket when Ml ; and thus, hj apportioning his e&rts, be 
doubles his eSective force at tiie time he needs it 




The application of the pole as a lever for moving weights, 
or for turning over the trunk of a tree, might suggest Its 
further use, combined mtli a rope, to obtwi meohuiical 
power; the author has seen old seamen, in case of need, 
resort to such a contrimoce, and make, as the^ termed it, 
" a purchase," with a plain woodoi roller (part indeed of a fir- 
tree trunk), a rope, and two handspikes, and, hj the skilful 
combination of these materials over a hatchmy, accomplish 
-what the united strength of all bands fitiled to efiisct without 
such assistance. 

A little in advance of this, is 'themodeof hoisting timber 
commtm tiiroughout all the North of Europe, and some- 
limea iised hy our woodmen in En^and, hy means of the 
" lever and tude " attached to the " three legs or triangle " — 
a tripod, formed of three poles, seeured b; a rope or shackle 
at the top. The end of one bandspike or spoke, being oc- 
casionally thrust throngh the a^e or windlass, rests upon 

B d 
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the ground and stops it from unwinding, forming a simple 
but eil'cetual chock. 

This siiiiie primitive windlass is still used by the Chinese 
for weigiiing anchor, even in their largest junks. A stonf? 
txee of hard vrood extends entirely across the vessel from 
side to side ; it is hewn into an octagonal form, and the 
ends being reduced and rounded to form pivots, rest in the 
top timbers of the ship, which are brought up above the 
deck for Uiid purpose; consequently file length of their 
windlass is sometimes S8 or 30 feet It is stopped from 
unwinding or turning the wrong wa; by thrusting a hand- 
spike through, and allowing its end to bear upon the deck, 
whereby the descent of the anchor, between ihe successive 
exertions of the crew, is prevented, until they can ship 
thaiv bars and heave again. 

The next improvement appears to have been "the 
paul." 

So late as the year 17T6, when Falconer, author of that 
beautiful nautical poem, tlie Shipwreck, published his Ma- 
rine Dictionaiy, the windlass used on board of British mer- 
chant vessels appears to have advanced but lit^ beyond 
this prunilive form. The differences were two : first, it did 
not rest on the ship's sides, but was supported and secured 
in two strong timbers fixed on opposite sides of tJie main, 
deck, a little behind the foremast, wherein the windlass 
turns on its aris. These are generally called " tlic windlass 
bits," and are each made in two pieces, for more conve- 
niently getting out the windlass and allowing the bight of 
the cable to be passed round it, as it commonly is in three 
tmns ; the upper parts of tiiese hits being formerly orna- 
mented with can-ed "knights' heaiis," stiU retiuu that name. 
Secondly, the windlass was furnished with pauls, which Fal- 
coner tims deswihes : — 

" The pauls, which are formed of wood or ii-on, fall into 
notches cut in the sm-faee of the windlass, and lined with 
plates of iron. Each of the pauls being accordmgly hung 
over a particular part of the wmdlass, falls eight times into 
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the notches at every revuhition of tlie madiinc, because 
there are ciglit notches plucctl on its circumference under 
tlie pauk. So, if the wlmilass is twenty inches in diameter, 
find purchasi's five feet of the cable at every revolution, it 
will be iireventcd from turning back, or losing any part 
thereof, at every seven inclies, nearly, which is heaved in 
upon its siu'face. 

" As tliis machine is heaved about in a vertical direction, 
it is evident that the efforts of an equal number of men 
acting upon it will be much more powei-ful than on the cap- 
stan, because their whole weight and strength arc' applied 
more readily to tlie end of the levere employed to turn it 
about ; whereas, in the horizontal movement of the capstan, 
tlie exertion of their force is considerably dimijiL-hed. It 
requires, however, some dexterity and address to manage the 
handspike to the greatest advantage; and to perform this, 
the sailors must all rise at once upon the windlass, and 
fixing tlicir bars therein, give a sudden jerk at the same 
instnjit, in which movement tliey are regulated by a sort of 
song or howl pronounced by one of their number," 

The ■' song" of the seamen, when raising the anchor for 
their departure, has always a melancholy and plaintive tone, 
even 

" Wlii'n ten jolly tars, willi musicM Joe, 
Heave the anchor a-pc.ik, singing, Yo, heave ho !" 

The windlass remained nearly in the same state as described 
by Falconer, when the author first saw it; but the windlass 
necks were then made of iron, so as to prevent loss of 
power by friction, and the pauls, then placed in the centre 
of the windlass, wore two in number, and of different 
lengths, or, as the sailors termed them, "paul and half- 
paul," whicli, although tlie number of notches was still only 
eight, had the effect of dividing the eircnmferonro of the 
windlass into sixteen, and enabled the seamen to retain 
eveiy three and a half inches of the cable they hove in- 
Tliis was a great relief to the men, for seven inches on 
the windlass occasionally lost by the shock of a heavy 
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sea, occasioned a severe jerk at the end of a six-feet lumd- 
spike. 

Tlie advantages arising from this improvement gave rise 
to the patent pauls, wherein a cast-iron paul-wheel was fixed 
upon the wooden windlass, and the pauls were made more 
numerooa, and of various lengths. The paul-wheel had 
sixteen notches ; it was made hollow, and octagonal inside, 
to slip over and he adapted to the old windlass ; better 
methods of securing all the parts being introduced at the 
same time, the announcement in the Newcastle papers 
became less frequent, that "the Good Intent, of Shields 
(coal-laden), with windlass upset, and loss of anchors and 
cables in the Swin, bad put into Harwich, and must dis- 
charge cai^o for repair." 

The principle of dividing a ratchet-wheel by differential 
pauls, whereby minute division of circumference can be ob- 
tained with a comparatively coarse pitch of tooth, is worthy 
of being borne in mind, and may be made useful in many 
kinds of machinery. By applying it to the ship's windlass, 
every inch of cable is retained, much labour is saved, and 
the men are preserved from hurts, often caused by the vio- 
lent recoil of their handspikes. 

Other alterations have been succei^sively made in the 
windlass ; machinery of various kinds has been attached to 
it, for some of which patents have been gi-anted. 

One of these alterations consisted in fixing within the 
bit-lieads a sway-beam of wi-ought iron, constructed so as to 
be unshipped at pleasure. Upon the windlass, and mime- 
diately under the two arms of the beam, were fixed ratchet 
wheels, upon which two pauls. one attache 1 1 1 i h wm 
altei-nately acted as the beam was raised oi di pi sl 1 nd 
a wooden pole or handle being passed horimutallv througii 
an eye at each end of the s"'ay-b earns, tliev were worked 
with a pumping action lilie a fire-eiigiue. This arrange- 
ment rendered the working of the windlass conimuous, or 
nearly so, as well as much more rapid in its acUon, and 
highly useful fiar lighter work, such as warping the ship out 



DigilEzed by C ' 



ON THE C0N8THDCTI0N OS CKAHE3. 



7 



of a crowded harbour ; whilst, ui case of need, it might be 
readily removed, and the windlass worked with handspikes 
as before. By a subsequent improrement, patented by 
Messrs. Pov aoA Fawcus, of IXotii Shields, Uie ratchet 



I'iff. 3. 




a,a,ai«wheekirithplMi)nir&«Bi thanantwoof tbeH"pun;luM-wlieeI«" 

fixed upon tile windkBt. 
ir, c, tbe nipping levers confineil to tlie purchue-wlieeU hj £at iim ring*, or 

diec9, called travellcra, wlijcb, in deKending, moTe freely round, 

d, d, the travellers with tli6 cheek-plates of the nippitig Ibtsm bolted to 

them ; the levers bite upon the purchaie-wheels, and, acting altematelj, 
force the windhua round in their ascent. 

e, the croafl-head of the sway-beam shown in plan, with sockets to receive 

the lerers. 



/,/, tbe levers, which are bent finwatd to dcni the knees of the bil-headi. 




wheels are dispensed with, and a nipping lever, acting on a 
wheel •mHa. a plain surface, is substituted, so &at the noise 
of the ratchete is avoided, and Edl the length of cable hove 
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in is held fast Other alterations consisted in the appli- 
cation of toothed wheel-work in various ways, sometimes to 
the ends, and sometimes to the middle of the windlass, so 
that at last it has, in fact, become a powerful compound 

piece of crane-work, 

The ancient mariner, however, looks on all these altera- 
tions witli jealousy and suspicion, pi-udently rejecting all 
such as may not, in case of emergency, be laid aside for 
the trusty handspike of tough ash or hiccory, which never 
has its teeth broken by a heavy strain in a gale of wind, 
like the cast-iron wheel-work. He also knows the import- 
ance of having such tackle as the ship's eai-pciiter may 
repair, and for which materials may be found in any port 
whitlier, in stress of weather, his vessel may he driven. 

As it is often inconvenient, and sometimes dangerous, to 
ship and unship the handspikes in a ship's windlass, be- 
sides causing much loss of time, and as by it the united 
strength of many men cannot be employed, tlie capstem 
or capstan is used instead of it, in large vessels, to weigh 
the anchor, and in ships of war, when despatch is needful, 
a lai^e body of men act together, walking round the cap- 
stan, their efforts being rendered simultaneous and uniform 
by the sound of music, and U>e cable of the gallant ship, 
Qn her retum home from a foreign station, is merrily 
rounded in. 

"A fair wind, and off ahe goes." 
Tiic original capstan or crab was, something like the 
primitive windlass, set on end through a round hole in 
the deck ; it was formed of a single piece of timber ; the 
lower end of it, reduced to a pivot, and shod with iron, 
was stepped into tlie vessel's kelson; the upper part of 
it had two holes morticed through it, one above the other, 
crossing each other at right angles. The machine in this 
form may still be occasionally seen in small coasting ves- 
sels from the bye poi'ts in the West of England, or on 
board of Frfindi luggers ; and it is sometimes used for 
hauling up ihe lai^er fishing craft upon the beach. It 
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gmduiilly, however, assumed a more important sliape, and 
instead of being only one piece of wood, it was composed 
of several parts; namely, the "drum-head,"' the " barrel," 
the " whelps," and the " spindle," all, in the first instance, 
made of timber. The spindle, as befuro, was ^liod wifli 
iron, to form the pivot, and woriied through a round hole ; 
but this was formed in a strong wooden stock, called ■■ tiie 
step," which rested upon and was bolted to beams placed 
for the piu-pose ; the spindie was hooped with iron to pre- 
vent abrasion of the wood, and it revolved in an iron socket 
or collar, called " the saucer," which was fixed in the step. 
Two strong pauls of wood or iron were bolted at the deck 
to the beams above nieinioned, and acting against the 
lower end of the whelps, prevented the recoil of the cap- 
stan. 

A man-of-war has two capstans ; the main capstan being, 
as it were, a double one, like two capstans on the some 
spindie, the one on tlie main deck and the other on tlie 
upper deck, so that two tici-s of bars can be worked at once 
upon the two decks. Many improvements have also taken 
place in the capstans ; the spindle is now made entirely of 
iron, and, wheel-work being applied to it, the capstan also 
has become a compound machine, displaying in some 
instances much ingenuity. 

In this sketch, the drum-head is fi.xcd upon the spindli!, 
and turns it round. An iron bolt passing through tlio 
drum-head, locks it to the Ii.iitpI, and the wliolo rapstan 
turns round witli the sjiindlu, forming ;i simplii jiiaehine, 
or " single purchase." When the locking bolt is withdrawn, 
tlie whcel-woik, iliotni in plan, ael-j between tlie spindle and 
the barn.'l, and a power of thvoc to one is gained; the 
spindle makes three tunis, while the barrel makes one, 
and they revolve in opposite directions. The mode of 
locking the drum-head is shown in the sectional elevation 
of the capstan. 

The mechanism, has, however, this general character in 
all its phases, namely, that there is a toothed pinion upon 
B S 
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The TTorldng of capstans is subject to an mcoaTenience, 
arisii^ from the tendency ot the rope wlueh is wound upon 
Oma to advance in a spiral direction towards the end of 
&e barrel, tiiere bemg generally two and a half or three 
turns of the rope taken round the capstan, and one part of 
Uie rope is wound off the barrel as the other part is wound 
on. It therefore becomes necessaiy to " sui^ the cap- 
stan," that is to say, suddenly to slack the rope bo as to 
bring it back to its original position ; the bairel and whelps 
being formed like a truncated cone to &cilitBte the opera- 
tion. 

But Has being always inconTenient, and often hazardous, 
especially where very great weights must be dealt with, a 
plan has been devised which may he seen in use at the 
great masting shears in Her Majesty's Dockyard, at Wool- 
wich, to obviate this objection. Two capstans are fixed 
near to each other, and are connected by b pEur of toothed 
wheels, so that they revolve together, but in contraiy direc- 
tions; one only has a drum-head to receive the capstan 
bars, the other is made low to allow the bars to pass over 
it, and the rope is passed round both in the foim of the 
figure of 8. 

The crab or capstan, on a large scale, is often used at 
mines and coal-pits to rdse and lower the heavy castr 
iron pumps, to draw the pump-rods, and other similar 
work; it has generally four arms permanently fixed, 
instead of bars, to which a large number of the miners 
apply their strength, and they are sometimes assisted by 
horses. 

Tlie mine capstan is a simple, and, in early times, has 
been a very useM machine ; but, since the mines have 
been sunk deeper, it often causes frightful accidents : the 
men not being accustomed to act in concert like the well- 
frained crew of o man-of-wai;, and being hastily called 
together to ruse great weights of pumps, or, what is more 
dwgerous, to lower them, are occasiooilly overcome by the 
descending load, and this accelerating in its descent, " the 
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capstiiu spins," flinging the miners from its arms with 
fearful violence, when broken limbs and even death ensue. 
In these days, when skfe and powerful macbineiy may be 
substituted, the cheapness of the mine capstan is the chief 

inducement to retain it. 

Wherever the author could exercise sufficient influence, 
lie has erected a combination of wheel-work for deep pits 
instead of the mine capstan; so that a small number of 
men suffice, and accidents are avoided. Tliere is scarcel}' 
aiiy limit to the powers that may be gained by compound 
wheel-work, and the additional time it takes is of little 
moment in heavy mining operations. 

During tlie early periods of mining in Coi'uwall, when 
pits began to be srmk in those places where Uie manifest 
abundance and riclmess of a vein led the minor to pene- 
trate beneath tlic surface, the produce was raised by being 
thrown upon successive stages or piatfomis, or " shammcls," 
(IS the Cornish miners cfiU them, by men stationed at 
dili'erent, elevations. The introduction of the jack-roll or 
windlass, in its mdest shape, was a great improvement; 
this eoiilrivatice, which probably came from Germany, not 
only facilititted the raising of tlie excavated material, but 
i'lKililcd them to clear the mine of water l)y me.ms of 
luickois, witli degree of despatch not before pmctica!)le. 

fu the l)i;i!iy shire load mines, the jack-roll or " wal- 
lower," a^ ihey term it there, is still used, as it is also at 
some of the ironstone pits ; but at many of tbese, as in the 
collieries, it, has been superseded by "the gin," which is 
worked by liorses. 

Tlie gin consists of an upright wooden a\le, on which 
is lixed a lioHow cylimler of wood-work, called the cage, 
round which a rope winds horizontally; the ends of the 
rope being directed down the jiit by two pulleys. A trans- 
verse beam, seven or eight yards long, is sccm'ed across the 
asle, to each end of wliich is yoked a horse. The horse 
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track aboiild not be less than seven or ei^t yai-ds in 
diameter, so that the horse may not expend his force in an 
oblique direction, but get a fair pull on the " starts." 

An ordinary horse produces the greatest mechanical 
effect in working at a gin, or drawing a load on a tramway, 
when be travels at tbe rate of two and a half miles an hour 
or S20 feet in a minute ; he can then exert in i^ular work 
day by day for eight hours, a steady pull of ISO pounds. 
Hence arises our familiar term fif "horse's power;" the 
speed of 220 feet multiplied by 150 pounds being equal to 
33,000 pounds raised a foot high in a minute, a standard 
which engineers have by common consent adopted as the 
expression for mechanical powers employed for practdcal 
and manuiacturing purposes. 

This limit to tiie use of horses tm winding coals, the 
adaptation of the steam engine to a rotatory motion, and 
its successive improvements having made it perfectly ma- 
nageable, tbe increasing depth of the pits, and the demand 
for coal, have caused the steam-engine in most cases to 
supersede the ffn, and its use has enabled tbe coal-owners 
to expend large capital hi sinking deep pits, where thick 
and valuable coal might be obttuned ; so that the power of 
the engines has, of late years, been continually augmented. 

A company of gentlemen, having recently sunk a pit to 
a depth of 220 yai'ds, at Cinder-hill Colliejy, near Notting- 
ham, with some difficulty and much expense, found coal of 
good quality and ready sale ; and, being desirous to meet 
'Jie demand in the market witliout sinking additional pits, 
they applied to the Butteiley Company to furnish them 
with such an engine as might raise what coal they could 
sell. The author was desired to nmko the requisite calcu- 
lations, and to prepare such plans as should effect Uiis 
object He found liat it would be necessary to draw from 
this deptli a ton of coal in every successive minute for ten 
hours a day ; that the coal should be brought up in two of 
the small underground waggons, to be unloaded " at bank," 
each of which contfuaed half a ton ; and that, in order to 
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allow time to land .each load and to reverse the euf^e, 
it was requisite to bring up the ascencUng "cage " as fast 
as Uie descending one would witb safely and certain^ go 
down. Ta^g into account the resistance of the ax and 
Uie Mction of tihe " guides," it yas not considered prudent 
to attempt a speed greater than 16 feet in a second. A 
heavy body, unchecked by the fiiction of slides or guide 
rods, &lls about 16 feet in the first second; but as the 
en^ne, when reversed, does not immediately regain full 
speed, it permits the requisite acceleration of the falling or 
empty cage, which descends as the full one rises. The 
weight of the flat rope, the friction of the cage, and the 
weight to be drawn at such a speed, rendered it necessary 
to construct a non-condensing steam-engine of 200 horses' 
power. .The result was quite successful; and, in the col- 
lier's week of five days, or 50 hours' work, 3000 and some' 
times 3500 tone of coal are raised with ease. Much more 
than this is performed at several of the collieries in the 
counties of Korthuraberland and Durham, where engines 
of great power are employed at larger pits. 

Befernng to the practice of heaving at the capstan on 
board of ship to the sound of music, it may be remarked 
that, by this means, a number of those machines, actuated 
by large bodies of men, may be made to exert their force 
at once upon the same object; and that the Bussians of 
the present day employ them in moving those immense 
blocks of stone, of which their public buildings display so 
many examples; and, also, that they are employed in 
moving their line-of-batUe ships, often built on shallow 
water at a distance from the sea, until they are fairly floated 
upon the caissons or "camels," which are used to buoy 
them up and enable them to come down the Neva to the 
Gulf of Finland, towed by a flotilla of row-boats. 

The rock on which stands the colossal statue of Peter 
the Great, was moved irom Lachta, in Finland, to the 
Busman capital by the ^d of many capstans worked at 
the same time by a Urge body of sftldiers, who kept step 
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to Qio sound of the drum. The impression wbich the 
s^ht of this immense monument made on the author's 
memory, many years ^o, is still &esh and vivid. 

The rock, when broi^t to St. Fetersburgh, is said to 
have weighed 1100 tons, which corresponds with the ori- 
ginal dimensions of the stone. These were 43 ft. long at 
the base, 86 ft. at the top ; 31 ft. thick, and 17 ft. high. 

The transit of this enormous block of granite was facih- 
tated by a kind of anti-friction railway, laid down as it pro- 
ceeded onward, and taken up from behind ; it consisted of 
large beams of timber, wherein grooves were formed to 
receive lai-ge cannon-balls, the stone resting upon cor- 
responding grooved timbers, so that the two beams formed 
a kind of channel for tlie balls. 

The taste of the sculptor unfortunately led him to dress 
the stone, and partially to change its form, by which its 
size was reduced and its rude grandeur impaired, to the 
great chagrin of the Empress Catherine ; but still it is a 
noble work. 

Few monuments can be compared with the Bronze Sta- 
tue at St, Fetersburgh; the animated figure of the rampant 
horse, standing 17 ft high, with his imperial rider 11 ft. in 
height, admirably designelT and skilfully executed, poised 
upon their massy pedestal, produce an ufibct hardly to hi: 
surpassed. 

It is much to be regretted that some of the best machine 
capstans tliat have been iiitroiluced on board ship have 
failed from the weakiiess of tlieir wheel-work and the im- 
perfection of then- workmanship, thus creating a prejudice 
among seamen to such mechanism, and tending to delay, 
if not to prevent, its more extended use. In all such cases 
tlie sti-ess should be ascertained, and the strength of the 
machinery calculated, making allowance foi- cunlingcncies, 
instead of taking it for granted, as too often done, that 
wheels and teeth of a certain sine and pitch will answer the 
purpose. The constant inconvenience and frequent danger 
incurred in ehippmg and onshipping the handspikes, or 
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spokes, caused them, in small windlasses, to be permanently 
fixed, and eventually the cross or the hand-wheel became, 
for many purposes, parts of raiichines, as we see them still 
on the copperplate printing rollers and tlie steering wheels 
of ships, by which mechanical power is gained in the pro- 
portion of the radius of the spoke to the semi-diameter of 
the barrel. 

The same i-ule holds good in all the simple forms of the 
wheel imd axle, whether windlass, capstan, jack-roll, or gin. 
The spokes of the hand-wheel were generally eight in 




number, but it was not difficult to pcrccivo. lhat if their 
number were increased, or if a second wheel and axle 
could be brought to act upon the first, much greater power 
might be gained. Hence ■■ the spokes were multiphed into 
" cojs," and upon the second axle was fixed a small wooden 
wheel or "lantern" composed of two discs or trenchers, in 
which were mserted six or more staves or ■■ rounds of hard 
wood like the rounds of a ladder. The figure here given 
was taken from an old deep well in the counly of Kent. 
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Machines of this kind were cnnimon forty years ago, and 
some may still be in existence, althougli tlie general intro- 
duction of cast-iron machinery and its toottied wheels has 
now superseded the old " cog and round." 

The mechanical power gained by the wheel and axle, or 
level and axle, which are the same things, has been already 
mentioned ; there is, however, another form of the axle, by 
which much greater power is gained for a short lift. It ia 
obvious that the only way to gain nioi'e power with the 
simple lever and axle, is to increase the length of the 
lever; but this can only be done within a very limited 
range. 

Mg. 8. 




If, however, the axle be made of two different diameters, 
one-half of tlie barrels length being a little larger in 
diameter tlian the other iialf ; if a single pulley or block 
be put upon the middle or "bight" of a rope, and the two 
ends of the rope be woimd round tiie two ends of the 
barrel in opposite directions, so that one end will wind off 
as the other end winds on ; then, if tlie smaller part of the 
barrel be 7 in. in diameter, or 22 in. in circumference, and 
the larger part be 8 in. in diameter, or about 25 in. in cir- 
cumference, every turn of the baiTcl will wind up the dif- 
ference, or about 3 in. of rope; which difference, being 
divided by tlie use of the pulley, would raise the weight 
suspended to it about an inch and a half, so that with a 
winch or lever of 18 in. radius the workman's hand would 
move in a circle of 9 ft in diameter, or about 113 in. 
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in circumference ; and consequGDtly a power of about 75 
to 1 would be gained. But, as one complete turn of the 
barrel winds on 35 inches of rope, it requires nearly 17 ft. 
of rope to raise the load 1 ft. high. The quantity of rope 
required limits the use of the differeDtial asle or barrel to 
a short range ; but there are memy cases id which so sim- 
ple and powerful a machine may he very usefully em- 
ployed. 

In the machine last described the block or pulley formed 
an essential part, and added to the power of tlie machine. 
As it is used in the construction of many cranes as a means 
of gaining mechanical power, it may be well to show, briefly, 
how it does so. 

When ropes or cordage came into use, it was found to be 
a convenient mode of raising any round object up a slope 
or inclined plane from the water-side, or of lowering it 
down in similar situations, to pass the middle of the rope 
about a ti'ee or a post, and the two ends of it round the 
object to be rrused or lowered. In this way a heavy spar 
may he hoisted from the river upon a quay or wharf, or a 
water cask lowered into a ship's boat with oomparative 
ease, the power gained being two to one, independent of 
the inclined plane, the cask itself serving as a pulley. 
This arrangeiaent of the rope, sidlors turned a "pai^ 
buclde," is also used by the' ^ymen in LcmdoD with great 
skill and dexterity; they will sometimes lower a cask of 
hfdf a ton in weight into a cellar without any apparent dif- 
ficulty, by making it form a part of the mechanism. 

The combinations of ropes and rollers to gfun mechsui- 
cal power, which invention shaipened by necessity woiild 
soon suggest, led to the contrivance of " the bloek^' which 
at first was merely a piece of hard wood with a hole in it^ 
to reeve the rope through, such as are still used to " set up " 
or heave tight the shroiuls and ^tending i^ging of ships. 
These blocks have three holes in them, through which the 
rope or "laniard" is passed, and then greased, to reduce 
the friction, until it is hove tight and made last The 
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round shape of the block, and the position of the three 
holes, give it somewhat the resemblgjice of a death's head, 
and hence its name, " the dead-eye." In blocks constantly 
used, the fiiction and rigidity of the cordage causing so 
great a loss of power, induced the addition of a roller or 
" sheave " in the block itself; and successive improvements 
have brought the crane blocks, used in some of the steam- 
engine manufactories, to their present state of excellence. 
The blocks now employed in the leading establishments of 
the present day, with iron shells, brass Kheaves, and steel pins, 
their wrought-iron straps or side links, swivels, and hooks 
all carefiilly calculated, so as to give sufficient strength of 
materials for the load to be hoisted, and at the same time 
to avoid superfluous weight, and to reduce the friction by 
proportion of parts and superior workmanship, greatly di- 
minish labour, and increase despateli in the manufacture 
of heavy machinery. The introduction of iron blocks and 
pulleys admits the use of chains instead of ropes ; and as 
tlie links of chains ai^e now made almost exactly uniform 
in size and shape, they have been substituted for ropes in 
most foundries and engine works. 

The power gained by any combination or system of 
blocks or pulleys, is proportionate to tlie distance travelled 
by the moving force, compared with the height to which the 
load is raised in the same time, witiiout deducting loss by 
friction; so that, if mechanical power of two, four, or six 
to one be gained, the force applied must move through so 
many times the space that the weight is lifted, and in the 
same time; for in this, as in all other machinery, speed is 
lost in proportion to power gmned, besides tlie loss arising 
from friction of the mechanism and other resistances ; con- 
sequently, no force descending can ever raise an equal 
weight to the same height in the same time. 

Simple and obvious as these things seem, tliey have been 
too often forgotten, and much time and money have been 
spent in contriTio^ and construcUng complicated machines 
to no pmpose. 
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Application ok IIuistiko Machixeky, and EMPLOTMENr 

Ot THE PoWEK OF Mt-N. 

Having traced the early development of mechanism for 
raisiug or lowfiriiig heavy bodies, its apjilication to practical 
purposes in difTerent situEitions must next ho (considered. 

In this tlicrc arc several points to he determined, namely, 
the weiglit to he raised, tlie heiglit to which it must be 
hoisted, and the time hi \vlH(;h it must be done must also 
frequently form an element in the calculation, to determine 
the power to be employed, the mochinaiy to be used, the 
motle of lixing or attachii^ Uie maehiuery, and of snspend- 
ing the weight. 

When the weights to be raised are those of ordinary 
merchandise, to be hoisted from the hold of a trading ship, 
and lowered into a barge alongside, it is usual to raise a 
single pole, frequently a spare topmast or boom, and to 
step it over end, immediately before tlie mainmast, and 
inclining over the main hatchway of the vessel, or, in 
sailor's phrase, " to rig a derrick." 

The foot of the derrick is stepped into a piece of wood 
secured to the deck and hollowed to receive it, and the heel 
of the derrick is provided with " a lashing" of rope to pro- 
vent the foot from tripping. The head of the deiTick is 
furnished with a strong rope called " the stay," t!ie end of 
wluch is made fast to the head of the munmast; and there 
are also two other ropes called " guys," made fast to the 
head of the derrick, and thence extending one to each side 
of the ship; so that, by hauling in the one guy and 
Blackening the other, the derrick is made to turn so far 
upon its heel, and the head, with the load suspended from 
it by a pulley or blocks, describes the segment of a circle 
ftom the batchway of the ship to tibe barge which receives 
the goods. The winch or barrel which winds up the rope 
is commcoily attached' to the fore part of the maiximast, 
and as the current weight of merclmnts' goods is seldom 
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more than a ton* as, for instance, a sugttr hogshead, this 
arrangement is found veiy convenient and useful. 

A mode of combining the advantages of tlie derricb with 
Uiose of the crane has been patented by Mr. Henderson. 
The jib of his crane is fitted with a joint at the foot, and 
has a chain instead of a tension bar attached to it at the 
top; so that the inclination of the jib, and consequently the 
sweep or radius of the crane, may be altered at pleastire. 
A similar crane, in a nide fomi, has long been used in 
stone quarries ; but Mr. Henderson has introduced a para- 
bolic baiTel, similar to the fuzee of a watch, upon which 
the chain winds as it raises the jib, and the baiTel decreases 
in diameter as the jib approaches the horizontal line, so 
that the power to raise or depress the point of the jib is 
equalised at all times. 

When the weights to be lifted are heavy, and the height 
to which tlicy mu.st be raised is considerable, as in the 
masting of a ship of war, or in placing the boilers on 
board of a steam -frigate, it is customary to employ two 
strong spiu'M set apart at tiie foot, but meeting together at 
the top in an acute angle, where they arc secured to each 
otlier by a rope lushing, or for permanent purpotes by an 
iron bolt and shackle, from which the requisite blocks are 
suspended. These spai's ai'e stepped, like the derrick, near 
to the edge of a quay or wharf, or upon t)ie gunwale or 
side of some large old ship or hulk ; from tlicir crossing 
each other when lashed together at top, something like a 
puir of large scissors, or "shears," tliey have received and 
still retain tiiat name, alUiough in most modern examples 
no resemblance remains to the original slieai'f. The weights 
to be lifted at the royal dockyards have of late years become 
so hea\-y, and the bulk of the materials, such as the boilers 
of tlie war steamers, so great, as to render the employment 
of tlie "shear luilk'' inconvenient; and permanent shears 
have, therefore, been fixed upon the quays, and those at 
Woolwich Dockyard are a good example of the kind. The 
shears, however, have only one motion in their step, which 
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serves as a centre ; the spars, as the radius, describe a ver- 
tical arc, inclining their heads over the water, whereas Hie 
derrick has two motions, and can describe a vertical and a 
horizontal arc also. The machineiy used with the shears 

is generally a powerful capstan. 

When the weight requires to be lifted perpendicularly, 
and the height is not great, as, for instance, when seme 
massy stone or beam of timber, iron girder, or the like, 
must be raised from the ground, so that a waggon may be 
nm under it for convenient loading, it is usual to employ 
three spars, meeting at the top and spreading asunder at 
the foot, an arrangement which workmen call the " three 
legs " or " triangle." In this instance no motion can bo 
obtained beside that of the perpendicular lift. It is, how- 
eytv, a vcrv useful arrangement, easily made in most situa- 
tions, uften enabling a few men and horses to load and 
remove tlic lai'gest timber trees and blocks of stone which 
their waggon is capable of carrymg. The machinery used 
in such cases when men's power is apphed, is generally 
a windlass and a pair of threefold blocks, the windlass 
being fixed to two of the "legs." When horses are em- 
ployed, the rope from the blocks or " tackle fall " is passed 
through a leading block or " snatch block" attached to one 
of the legs, in order to give the rope a horizontal direction, 
and the hurses beuig yoked to it, gaining by the threefold 
blocks a power of six to one, can raise great weights with 
much facility. The horses regularly engaged on such 
work display great sagacity and obedienca to a word or 
sign, to hoist, to lower, or to stop. 

The power of horses has been already mentioned ; the 
power of men is next to be considered. The late Mr. Joliii 
"Walker, an able assistant of Mi-. Eennie, made many and 
repeated experiments on the power of men employed m 
raising weights for driving piles in the Eoyal Dockyard at 
Sheemess, and he found that the force exerted by an ordi- 
nary labourer, in average daily work, frequently did not ex. 
ceed IS lbs., and that 14 lbs. was as much as could be 
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reckoned upon as tho power & labourer workup duly at 
a winch or crane handle, for ten houiB a dajr, moving at the 
rate of S30 ft. per minnte. 

It ia impcolant to rememher facta like this, because most 
writers rate the power of men much hi^er. This is an 
error into which ihej were likely to fell when manual force 
was exerted for the purposes of experiment, for a short 
period, or even for a single day. Mr. Joshua Field (late 
President of the Institution of Civil Engineers) some years 
ago tried a series of experiments on the strength of men 
working at a crane of the ustial constmotion, in ordinary 
use, and not prepared In any manner for the experiments, 
having two toothed wheels of 93 and 41 cog3, and two 
pinions of 11 and 10 cogs; the diameter of the barrel, 
measuring to the centre of the chain, was 11| in,, and the 
diameter of the circle described by the crane-handle was 
36 in. ; the ratio of the wei^t to the power by this combi- 
nation was 105 to 1. 

The weight was raised in all cases through 16^ ft., and 
so proportioned in the different experiments as to give a 
resistance against tlie hands of the men of 10, 15, 20, 35, 
30, and 35 lbs., plus the friction of the apparatus, 

The resislance occasioned by the friction of the apparatus 
being a constant element in all machines, and of much the 
same amount In most cranes, and the object being to ob- 
tain some practical results on the power of men in raising 
weights by a system of machinery, it was not thought 
necessary to make any experiment for ascertaining the 
amount of tills resistance in the present instance. 

The following table shows tlie resistance at the handle, 
the weight raised in each experiment, the time in which 
the weight was raised, and the remarks which were made 
at the time witli respect to the men. A column also ex- 
pressing the power or effect, by tho number of pounds 
raised one foot high in one minute, is added. It will be 
necessaiy to add a few words respecting tlie construction of 
this column. 

In order to compare these experiments with each otlier, 
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the resnlfs must be reduced to a common standard of com- 
parison, and it is very ccmvenient to express tlie results of 
such experiments fay the pounds rused one foot liigli in one 
nunut«, this heing die method of estimating horses' power. 
The ntmiber is in each case ohtnined in the followin manner. 
Take the first experiment 

Here 1060 lbs. were raised 16^ ft. high in 00 seconds ; 
this is equivalent to (1060 + 16-6 =) 17835 lbs. raised I ft. 
high in 90 seconds, which is eqaivalent to (179iJ& -r- 1'6 =) 
11550 lbs. reused 1 ft. I%h in one minute. 

In this case the man's power is equal to 115S0, and the 
same calculations being pursued in the other cases, give 
file numbers constituting tlie last colimin in the following 
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E:qierimeiit IV. may be coDsidered as ff-nag a near ap- 
proximation to the taaximmn pouer of a man exerted for 
two minutes and a half; fbr, in all the succeeding experi* 
ments, tlie man was so ezhaosted as to be unable to let 
down the weight. The greatest effect produced was that 
in Experiment VI. This, when the McUon of the machine 
is taken into the account, Mr. Field considered to be fully 
equal to a horse's power, or 83,000* pounds raised 1 ft. 
high in one minute. Thus it appears that a very powerful 
man, exerting himself to the utmost for tm minutei, comes 
up to the eomtmt power of a horse; that is, the power 
which a horse can exert for eight hours per day. 

Mr. Field's experiments show what a man can do for a 
short time ; Mr. Walker's showed vihat he can do, day by 
day, the whole day throu^ The men employed by Mr. 
Fi«ld vera strong and athletic; Mr. Walker's were ordinary 
labourers, and their power, eiqtressed by multiplying S30 ft. 
per minute by IS or 11 lbs., is 9ddO or S080, which must 
be regarded as the limit of an cnrdinary man's force con- 
stantly exercised at a crane-handle. The aa&ictc has 
erected many cranes of various kinds for various purposes ; 
and he has found, practically, that although a man m^ 
exert a force of S5 pounds for short periods, yet it is not 
prudent to reckon upon more than 15 pounds in constant 
action upon a crane-handle moving at the rate of 220 ft. in 
a minute. The power of a man will, in that case, be repre- 
sented by (15 + 220 =) S300. 

Mr. Smeaton, in one of his reports, directs that the 
water left in the dock at Port Glasgow, which at a medium 
tide amounted to 2141 cubic feet, or 6*^7^ tons, shall be 
pumped out by manual labour; and, in describing the 
pumps, he says : — " This quantity to be raised in four hours 
to the mean height of 4 ft., will require six men working 
at a time ; and good English labourers will continue at the 
same rate for the whole time ; but as the labourers to be 
employed will probably be such as can be promiscuonsly 

0 



Digitized Dy Google 



86 



ON THE CONBTRtJCTION OF O&Utra. 



picked up, it will be proper to have two sets to relieve , 
each other." 

Seducing these figures to the general standard of me- 
chanical power, 

4 feet + 627-5 tons + 2240 ^^^■_qqq^ 

4 hours + 6 men + 60 minutes 
■will represent Mr. Smeaton's value of a good English 
labourer's power, which he estimates as twice that of ordi- 
nary persons "promiscuously picked up." 

Mr. Smeaton further states, in the same report, that, 
"If tlie employment of twelve men for four hours be 
thought too much, the work may he done in three hours 
twenty minutes by two ordinaiy horses," This is calculat- 
ing rather closely ; biit it may be taken to mean tliat he 
considers the power of a horse equal to that of six men 
when they work four hours. The dynamical standai-d of 
SS,000, however, may be reckoned equal to the power of 
ten men ; and it has been thought right to place this evi- 
dence in detail before the reader, that he may make it 
practically useful. 

FfioaiiEssiv]!; Cokstboction of Gbahes. 
The Walking Onne.— Gh>odi Ciane.— The Shlpm^hft Chane.— Wharf 
GmnM. — Foundry Cranci. 

In &e first construction of machines it is Beld(m that a 
complete adaptation and fitness for the intfinded object is 
at once attained ; they ai-e frequently cumbrous fud com- 
plicated contrivances, and it is not until practice has clearly 
shovm the relation of the means to tiie end, that maobines 
become simplified, and divested of eupeifluoiM material 
and useless at^oncts. 

At all times, end in all cironmstanees, this is to some 
extent the case, but in no instance has it been more so than- 
in that of the first cranes which were erected on quaya and 
wharls for landing and shipping merchandise. 
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' Tbe arfiUtis of the last centuiy, especially m the first half 
of it, vetB tuAb and clumsy devices borrowed from the 
Xhitch, mairjr of them worked by men walking within a 
lai^ hollow wheel, as the turnspit-dog used to do at the 
same period. Some of these machmes lately were, and 
probably still may be, lemaining on the banks of the 
Thames; and, in the school days of the author, such 
cranes w^ naed for unloading ships at the quay of Kew- 
castle-npon-Tyne, of which some idea may be fomed from 
Fig. 9. 

Fia. 9. 




The wheel was about 15 ft in diameter, and that part of 
its axle upon which the rope was wound was about li in. ; 
the rope then passed over guide rollers to the jib of the 
crane, which pngected over the hat43hway of the ship and 
0 S 



28 



OH THE OOSSIBDCnos 07 CRANES. 



turned Upon a pivot, so that it cotild move round about 
tbree-foarths of a cireie, and bo deliver the goods upon the 
quay. 

Ih order to lower the goods '&e men walked backward; 
but as it sometimes happened that they were overbalanced 
by iJie deseending weight, a bar or pole of wood was bob- 
pended from the asle, so &at in such case they nug^t lay 
hold of jt, and save themselves from beii^ whirled round 
in the wheel. 

The great wheel and the framing which supported it 
were contained in a wooden building, or rather the beams 
of the framing covered with weather boarding formed the 
house, Bud served also to support the jib, wMch was at- 
tached to one corner of tlie bouse. 

The fiist improvement on these jnimitive cranes seems 
to have been the Uheradon of the men from the wheel, 
which, being reduced in size, was fixed upon the jib; the 
Fig.W. 
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jib baing produced behind the upright to receive and 
ccmy it 

The upright or orane-post was £zed in &e ground like a 
mast, yn&. a pivot on the top of it upon wMch Uie jib 
turned. TMs erase is still in use, and as it ma; be em- 
pl<^ed with advantage in the colonies and in new settle- 
ments, where timber ma; readily be had, but where 
foundries have not been established, it may be well to 
illustrate the desoription by a sketch. — C^ig. 10). 

This enme is almost entirel; of wood, mth a small 
quantity of smith's work, earaly forged and fitted, the only 
part of &e iron retiuiring skUl to foige being the crane- 
handle, in place of which a wooden cross may be used. 

The second advance seems to have been the shipwri^t's 
crane, fitted with a wheel and pinion ; it- still retains its 
original stu^e, and is an excelleitt machine for its peculiar 
purposes, the landing and shifting of timber, and the hoist- 
ing of the varioos pieces to fbim ttie frame of the ship 
whilst building. 

The jib is long and lo%, and is firmly secored to the 
upright or crane-post by a strap of iron on the back, and 
supported in front by an oak-tree, and a stay of timber 
morticed into the post, and extending nearly to the point 
of the jib ; a frame behind the post cariies the barrel and 
wheel-work. The post, generally of oak, is placed in a 
well, and turns upon a pivot at the foot, and in a collar of 
timbers at the well-top ; the cgllar is lined with iron, and 
the post is hooped at this part to prevent abrasion and 
lessen friction. 

Although the general foim of this crane remains un- 
altered, yet, in many cases, posts, first made of wood, have 
been gi'aduolly superseded by cast-iron work. The Imee, 
the coUar, and the crane-post are, oue or more of tiiem, 
now frequently made of cast iron, and these last-named 
parts are often bored and turned in the lathe, or fitted with 
anti-Mction wheels, so that the post may more easUy I'e- 
volve in the collar. 
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The introdactiom of cast iron tor the poats of cranes led 
to other alterations in their stnicture ; the jib has some- 
times been brought down from the top of the erase-post to 
the foot of it, and the stays of timber formerly below the 
)ib have been replaced by wrought iron "tensiou bars" 
above it, extending from the top of the cast-iron post or 
&ame-work to the outer ^d of the wooden jib, whidi tlien 
acts on the thrust; so that a crane thus made is composed 
of three different materials — cast iron, wrought iron, and 
wood. Sometimes tlie jib also was made of cast iron, as 
shown in the 6 ton crane. (See Figs. 11, and 1 1 a.) 

" Brakes," or as the word is sometimes written, " breaks," 
have been applied to faciUtate the lowering of the goods. 
These are levers which bring into close contact with a plain 
wheel, generally fixed on the barrel of the crane, a seg- 
ment of tough wood strengthened by an iron strap, which 
by its frictiou prevents the weight from accelerating as it is 
lowered. 

Thus it is evident that to oonstmot a crane properly a 
knowledge of the strength and application of materials is 
necessaiy ; and to calculate the stress to which they are 
sulijeGt, some acquaintance with -the composition and reso- 
lution of forees is also requisite ; and to proportion the 
power applied to the due pOTformance of its work, it la 
needful that Hie mechanical powers should he studied and 
learoed, so that the greatest mechanical effect may be ob- 
t^ned ; and also that the construction - of wheels and 
pinions in aU theur parts, especially that of their teeth, 
should be well and carefully considered. 

Until all these tlimgs have been learned, and not before, 
the making of a cnine, ample as the machine may seem, 
will be little better than guess work; and when cranes are 
intended to raise such heavy weights as th^ have now fre- 
quently to sustain, their construction should never be en- 
trusted to ignorant and unskilful men, whose mistakes may 
endanger bodi properly and human life. 
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It is not possible in this brief treatise to explain these 
subjects fully, but they cannot altogether be passed over, 
and the reader will be referred to those works in which 
faither information is clearly and explicitly given.* And 
here it may be remarked, that brakes ought to be applied and 
used with great caution ; and that, as a genera! mie. they 
ought not to be attached to cranes for lowering loads 
greater than ordinary merchandise, or building stones of 
average size and weight. 

Cranes fixed in a well or pit mav take a ereat variety of 
shapes m their superstructure ; sometimes the jib may be 
long and lofty, as m tlie shipwright s vard : sometimes it 
may form a right angle witli tlie post. In some cases it is 
supported by stays, or stmts, in others it is sustamed by 
tension rods ; sometimes it is made of timber, and some- 
times of cast iron, the form changing with the puipose 
to which the crane is to be applied ; and it is m this 
adaptation that the skill of the constractor is displayed. 

The well-crane having been found ini:on\onient for 
raising gi-eat weights, because of the iuBufficient resistance 
of the gi'ound at the well top, which needed to be strongly 
secured by framework or by masoiiij' to sustain the pres- 
sure againstthecoilar, and the use of cast iron having become 
better understood, another change of construction took place 

The crane-post became a sti^ong hollow pillar of cast- 
iron, stepped into a massy cross of the same material, 
bedded in a block of masonry, and held down by strong 
bolts passing through the mass of masonry to its founda- 
tion. A wrought-iron pivot, steeled and hai'dened upon the 
point, supported the su])erstructure, also of cast iron, which 
turned upon this pivot, revolving round tlie post, which re- 
mained fixed. A cap of steel or of bell metal prevented 
t5ie abrasion of the pivot; and machinery was in- many 
cases applied to make the crane turn roiind the post. In 
cranes of tliis kind, the sti'ess home by the post imme- 
diately above the cast-iron cross is very great ; the action is 
* Fipen of til* Bojal Bngineen in ito, Ti^ 4. 
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like tlie claws of a hammer applied to draw a nail, the 
weight acting at the jib end as upon a lever, tends to break 
the post at the level of the ground, or to overturn the mass 
of masonry in which it is fixed. 

An adequate degree of strengtli is therefore requisite, and 
in order to obtain it with the least expenditure of material, 
tlie post is made hollow. The works of creation, which 
alone are perfect, teach us by variour examples, as in the 
stalks of com, and the feathers and bones of birds and 
other animals, that a hollow cylinder, or prism, is much 
stronger than one made solid wiUi the same quantity of 
materia! ; and also, that if the hollow beam have the hollow 
or pipe not in the middle, but nearest to that side where the 
fracture is to end, it will be so much the stronger, as we may 
see in the wings of sea-fowl, and otlier birds of rapid flight. 

This principle has been adopted and mitiated in one o£ 
the boldest works of modem times, the hollow rmlway 
bridges over the Menai Straits iuid Conway P.iver, designed 
by Mr. Robert Stephenson. 

The sti-Migth of a solid t-ylindi'i' to resist lateral stress, is 
as the ciibu of its diametLT ; but, if tiio cviinder be hollow, 
its srrpngili is represented by the dillerence between the 
cubes of its external and internal diameters. For example, 
in a crane intemled to carry a load (if 10 tons, of which 
engravnigs are given, bee Fig. ilie crane-jtost is made 
18 inches diameter outside, and inches thick, so that its 
internal diameter is 11 inches. 

The cube of 18 being ^b'.Vi, and the cube of 1 1 = 1331 ; 
tlieir dilfeience, 4501, represents the proportional sti-ength 
of tlie hollow crane-post. 

A solid post of equal sb-eiigth must be made full 16j 
inches in diameter, for the cube of lO o is 4'11J2-120; but 
the section of the hollow crane-post contains only \Q0 
square inches of iron, whUst the solid post contains nearly 
S14, making a difference of 54 inches, or about one-third 
more metal than there is in the hollow post, although it is 
equally as strong as the solid one 
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When marine steam-engines bad so much increaaed in 
size and power that it became necessary to construct cranes 
specially to deliver and to bmd their machinery and boilers 
— cranes calculated to lift weights of HO or 30 tons — it was 
no longer safe or practicable to throw so great a stress on 
the post ; it was, therefore, used merely as the centre of 
a strong circular track of iron, bended upon solid masoniy, 
sometimes built of granite, upon wliich a massive carriage 
or firamework of cast iron, containing the wheel-work, re- 
volved. 

To this framework strong tension bars are attached, and 
the jib acts as a " stmt," resisting the principal part of the 
sti-ess upon the thrust ; wheels, which moye upon the circu- 
lar track, are used to diminish the friction, and machineiy 
is applied to turn the crane round about the central pivot. 

Such cranes as these are obviously few in number, their 
tise being limited to the lai^er seaports frequented by steam 
ships, most of which have not more than one or two of 
them. Probably there are not two exactly alike; and as 
considerable skill is required to make such powerful ma- 
chines with economy of materials and labour, no opportu- 
nity shotild be lost by the young student or practitioner in 
examining such examples as may present themselves. In 
each of them he may find sometliing to learn and some- 
Aing to avoid in his future practice. 

The demand for large and heavy cast-iron materials re- 
quired the erection of powerful cranes in the foundries, and 
caused them to assume a peculiar form, which may be de- 
signated as that of " tlie foundij crane." 

Tlicse machines are used not only to lift and move the 
heavy iron castings, but also lo put together and adjust the 
moulds in which the melted nietiil will receive its shape. 
Tliese moulds lu'e sometimes made of dried loam, and 
sometimes of damp sand, rammed into a frame of cast-iron, 
which workmen call a Sask or box, although it resembles 
neither of these, but is more like the skeleton cases used 
for packing glass. Such moulds are both heavy and fra- 
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gile; the damp sand detaches itself with die sli^test jerk, 
and great accnrscy is requisite in putting the parts of thie 
mouH together. 

- In such cranes the upright or post is generally equal in 
hei^t to the side walls of the huildii^;, with pivots at each 
end, the one taming in a footstep £xed in mBstmt; upon 
the ground, thn ottier m a coUrt secured bj framework to, 
the roof and mde walla of the hnilding. The jib is hori- 
zontal, secnred to the post neai^. at' the top, and at r^ht 
angles with it. The jib is usually made in two parts, atr 
tachad to each side of the poal^ and paralleL to each other, 
and is supported by two stays springii^ 6xm the front of 
the post, near to tiie lower end of it, and fixed to the jib 
^ont half w^ between the end of it and the crane-post 

In order that the crane may woi^ eauly and smoo&Iy, 
the chain must not be lai^e or heavy, as it mi^t be apt 
to jerk as die links come upon the barrel; Hereford, to 
bbtam the requisite strength m&t a oomparalardy slender 
ehun; blpcks, generally threefold, are nted. or rather- the 
lower has three abeares o^ pulleys, and tlie' upper 

block has fiiur. Tliis fourth pulley permits one end of the 
chain to be carried to the point of the jib, and &steQed. 
there, whilst the other end, after being reenred throt^ the 
block, passes over a sin^e gmde pulley fixed near the middle 
of the jib, and is rolled upon the barrel of the crane. By 
this arrangement, the upper block may traverse along half 
the length of the jib, that is, from the point to the junction 
of the stays ; and by means of traversing machinery, worked 
by an eudless chain descending to the floor of the foundry, 
the position of ihe upper block, and consequently of the 
suspended load, may be regulated with the greatest exact- 
ness and facility, the load being neither raised nor lowered 
while the block travels along the jib. 

This description will be better understood by referring 
to the engravings of a crane designed by the author for the 
fbundiy of Messrs. Miller, Bavenhill and Co., at Blackwall. 
See Fig. 18, &c. 
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. TBATEBBTtlO OB TbateLLINO CllAKBSt 

Poc Stackliig lirabtt or Stone, and for Erecting Bnildingi, Bridgw, ud 
otber Engineeiiiig Work*. 

All the cranes hitherto noticed turn upoo a centre, and 
describe a circle with a radius seldom exceeding 26 feet; 
they can therefore lift only those objects that come within 
their sweep, and then but such as are within a veiy short 
distance of the circumference of the circle they describe, 
with the exception of the foundry crane, which will lift any- 
thing within the area comprised between the two circles 
drawn by the point of the jib and a radius of half that 
length, because the upper block travels along the outer half 
of the horizontal jib, 

The fixed centres greatly limit the utiUty of these ci-anes, 
for the load to be lifted must be brought to them, conse- 
quently their chief employment is the loading or unlading 
of heavy goods and materials into ships or waggons, and 
they cannot distribute their burdens over any extent of sur- 
face. It was, therefore, very desirable that the cranes them- 
selves should be capable of moving to certain distances. 

One of the earliest examples of the traversing crane was 
designed by the late Mr. Bennie for the Mahogany Sheds at 
the West India Docks, where seTeral of them may now be 
seen at work. 

A kind of railway is constructed in the roof, upon 
parallel frames of timber extending across the building, and 
upon this a carriage, whicli is fitted with the wheel-work of a 
powerful crane, and mounted upon low wheels, travels from 
side to side of tiie house. Several of these railways are 
placed across the shed, so that the largest logs of mahogany 
can be stacked in rows across the house. 

The chain comes down to tlie floor between the two 
lines of rails, and the carriage, with the log of mahogany sus- 
pended from it, is moved by machinery attached to tile 
canit^e, and worked by the men at the ciane. 
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the service of one long shed ; bo, m course of time, persons 
began to consider that, if, some further contrivance, the 
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framework frhich carried the rnilway coul(l be made to 
move along the building at the same time the carnage was ' 

.fV* U A THAVBBSIira OBANB. 
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a system of machinery would be most voluable in manr 
cases, but espofiially in the erection of lai-ge marine steam- 
enginea. In designing new buildings for steam-engine 
mEinu&ctories, the side walls are now generally made of 
bufficient sti-ength to cany a line of rails on each wall, upon 
an offset in the masonry. 

On these rails rest two parallel frames of timber, mounted 
on low wheels at each end, and bolted togetlier at a proper 
distance apart, so that the frames travel along the building 
&om end to end. 

Upon these frames of timber, extending across the build- 
ing a r^way is laid, and a carriage travels as before de- 
Bcribed, similar to those m the mahogany shed, fitted with 
crane-work, from which the chain depending may reach the 
floor at the place desired. 

The usefulness of such a combination has caused its in- 
troduction in many public works and in several private 
establishments. Mr, Cubltt, and other eminent builders, 
perceiving the advantages resulting from it, have employed 
it extensively, not only in their building eonti-acts, but also 
in landing and stacking heavy blocks of stone. In these 
cases tfie longitudinal railways are carried upon beams of 
timber resting upon uprights ranged in rows along each 
side of the stone-yard, or of the building to be erected ; in 
which instance the uprights, being lofty, are seciu-ed both 
by horizontal and diagonal ties. Indeed, so many and so 
gi'eat are the benefits derived from such a system of framing 
and machinery, that Mr. Grissell thought it right to con- 
struct framework the full height of tlie Nelson Column, in 
Trafalgar Squai-e, with a travelling crane at the top strong 
enough to place tlie statue on the pinnacle. Mr. Grissell 
has presented a model of this framework to the Institution 
of Civil Engineers, in order that others may profit by hU 
experience ; and similar machineiy is also used in building 
the new Houses of Parliament. 

Other cases, however, have ansen in the modem practice 
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of engineering that render it desirable to dispense with 
framing, as not only expensive but inconvenient. In the 
erection of cast-iron bridges, the parts of which arc fitted 
together at tlie iron works wliei-o the;' are made, it is neces- 
sary, both for convenience and despateli, that the hoisting 
machineiy should embrace tlie whole fabric, and pass along 
at the same time. 

The Butterley Company, in the erection of cast-iron 
bridges, use cranes of tliis kind, which are stfong, simple, 
and easily managed, with loss machineiy Uian has been 
generally thought necessaiy for such operations, the Avhole 
of which can be worked from below. 

The travelling or ti-aversing crane, shown in the en- 
gravings (See figs. Un, 146, 14c, lid), was used to erect 
the large cast-iron drawbridge over the rivor Ouse, at Selby, 
designed by Messi-s. A\'alker and Burgess, for the Hull and 
Selby Eailway Company. 

It is composed of two triangular frames of timber, based 
on cast iron plates set edgewise, and mounted on wheels 
similar to those of railway waggons. 

'I'hese fi-ames support two parallel beams of timber, 
trussed underneath by wrought-h'on tie-bai'S an inch and a 
quarter in diameter, and cast-iron struts ; on these beams is 
laid a railway, upon which travels a carriage containing the 
pulleys for the chain, and constituting a fourfold purchase 
block, the chain passing between the two beams to the 
lower blocks. The ends of the chain pass along and above 
tlie beams to the fixed pulleys at each end, and thence down 
to the winches, which are secured upon the cast-iron bases 
of the two trian^es.. 

winding one of these winches, and unwinding the 
other at the same time, the carriage and the load suspended 
firom it travel Seom one end of the beams to the other; and 
by winding or unwmding one of the 'winches only, the load 
is raised or lowered. 

The wB^on-wheels, <m whioh the triangular end frames 
are mounted, have toothed wheels and pinions attached to 

D 
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them ; by turning the pinion liinKlles the waggon-wheela 
ai'e made to revolve, and the ivhule liibric, with its load, 
travels like a locomotive engine along the two parallel 
lines of railway on which it is pluced ; these rails are of the 
sti-ong kind used on tlie London and Birmingham Railway, 
and are laid 30 feet apart. This transverse distance may 
be called the span of tlie crane ; the luni,'itudinul distance 
is, of course, limited only by the length of tlie railway on 
which the crane travels. 

The crane here represented will lift a weight of eight 
tons, and the cost of it, including the chain and blocks, 
was 160/. It is readily taken to pieces for removal; and, 
by the combination of its movements, every point within 
the ai'ea comprised between the rails may he commanded 
with the gi'eatest exactness and facility. Hence the utility 
of this crane for the purpose of fitting together the heavy 
portions of large work, which cannot be done by a crane 
moving round a fixed centre. It may also be made very 
useful in storing and stacking heavy materials, as stone, 
timber, anchors, or cannon. The traversing crane is used 
with gi'eat advantage in working the diving bell, when it is 
employed for laying the foundations of sea-walls under 
water, as the bell by this means may be made to travel 
along tlie fine of wall ; and the stones may be lowered so 
nearly into their places, that they requhre bat little adjust- 
ment by the divers. 



SfiLF-AOTIHO HOIBUHO MAOHIKSS. 

The Satk Tackle.— Ihe Lift— The GonaA Man-HBchfiie.— The VBcnam 
Oiane, SMim Crane, Watei Cikm, be 

The suocessive impTOvements of the crane, already de- 
lved, hove not been sufficient to satisfy the minds of inge- 
nious mechanics, and many attempts have been made to 
render cranes self-acting ; so that manual labour mif^t be 
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dispensed with, and intaUigttnoe alone be required to direct 
their operations 

Some of these attempts have been attended \rith consi- 
derable success. Skilful millwrights, engaged in the con- 
stniction of extensive com mills, have, in many instances, 
made most ingenious mechanism for ti'aiisferring Llie gi'aiii 
and the flour to various parts of the milt ; and hoisting 
tackle for raising the wheat and delivering the meal in sacks, 
worked by the machinery of the mill, has been used for a 
long time past. The machinery of the sack tackle Is called 
into action by pulling a cord held in the hand of the miller ; 
and it continues in motion until he slackens his hold, whilst 
the heavy sack of corn, no longer carried on his shoulders, 
but becoming as it wei-e obedient to his will, lises through 
successive trap-doors and lays itself at his feet. 

The lift or hoist is also used in cotton mills to raise a 
kind of ascending room, in which not only the nialerials, 
but the workpeople tliemF^c^lvcs, are rjin ied from floor to 
floor; and the waste of their physical streiigdi, otherwise 
expended in repeatedly cUmbing the stairs, is avoided. 

Feisons rising from the ground floor in the ascending 
chamber, are landed on any of the upper floors they "please, 
by disengaging the machinery of the hoisting tackle, which 
much resembles that of the corn-mill. 

The waste of strength arising from tlie exertion of 
climbing a lunj; llight ul' stiiirs or a series of ladders is very 
great, so mucli so that in the Cornisli mines, where the 
miners had to ascend crooked shafts by means of laddera 
from their daily labour, their strength was often so far 
spent, -when tliey reached the top, that they were fain to lay 
themselves exhausted on the ground. The ascent from the 
mine was tlie most severe jiortion of the day's work. It 
was difScult in nmny of the mines, when tiie shafts were 
neither straight nor perpendicular, to find a remedy for such 
unprofita}>le toil, as ropes could not be applied in such 
shafts. 
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The mining companies, therefore, offered a. premium to 
the inventor of the best macliine for " bringing the men to 
grass." Many ingenious plana were proposed, but the best 
was one in which two rods of timber move with a pumping 
action parallel to each other, and only so far asunder that a 
man may step without danger between the two rods, work- 
ing like pump rods, with a stroke of about 12 or 14 ft., and 
an alternating motion, one rod moving upward as the other 
moves downward. They aie fitted with suitable guides and 
rollers to keep them steady in work, and to prevent need- 
less friction, and each rod makes 3 or 4 strokes per minute, 

Upon each of these timbers is fixed, at regular distances 
equal to half the length of stroke, whatever that may be, 
say 6 or 7 ft apart, a series of steps or small project- 
ing scaffolds, whereon one man may stand, and there are 
also long staples or hold&sts ■which he mi^ grasp with 
his hands. 

The rods are almost stationary for a second of time, 
when the crank which moves them is turning past its 
centres, and at tliis period, which is the termination of a 
stroke, the stages upon the two rods coincide with each 
other ; a- man, therefore, can step upon a stage of the 
ascending rod, and he is carried up 12 or 14 ft, ; he passes 
over to the other rod which has juat descended, and finds 
the stage upon it ready to receive him and carry him up 
another stroke ; thus, by stepping alternately from rod to 
rod, he rises with a 'Agzag movement, and with very little 
fatigue, in a shoil time to tlie mouth of the pit) traveUing 
about 250 fathoms in 20 minutes. 

As soon as he has quitted the first stage of ascent another 
miner takes his place, and thus a body of men continues 
rising from the mine, the rods being loaded with people for 
their entire length, until the whole part^r has ascended, tbe 
relief party descending at the same time on the alternate 
steps. 

A model of this man-machine mey be seen at the Museum 
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of Pi-acdcal Geology, an institution that ought to have more 
numerous and frequent visitors. This macliine is worked 
by steam power, and is mentioned in this place somewhat 
out of its regular order, as it is a recent invention. 

The first successful attempt to work detached cranes by 
mechanical power, and without manual labour, appears to 
have been that of Mr. Hague of London, who, by means of 
an air-pump worked by steam power, exhausted the air 
from a receiver, and continued by pumping to maintain a 
vacuum in it. From this receiver pipes were laid under 
ground to several cranes in one of the doclis, and cacli of 
these cranes was fitted with a small cylinder, vibrating or 
oscillating upon hollow pivots behind die crane-post, with 
the piston-rod acting upon tlie pinion shaft of tiie crane's 
machineiy, which was fitted with a crank and fij-wheel for 
that object. 

The cylinder resembled that of an oscillating high pres-^ 
sure steam-en^e, except that its power was derived from 
tlie exhaustion of the ur and not from the pressure of 
Bteam. 

I'here are, however, several objections to machineiy 
worked hy means of an exhausted receiver; it is very 
liable to derangement from the leakage of joints and 
fittings, and difficult to manage and adjust in the hands of 
ordinary workmen. The vacumn cranes therefore went out 
of use, although similar machinery for winding coals js Btill 
employed underground in pits where the presence of in- 
flammable air renders it unsafe to place the fires o! a 
steam-engine boiler, the vacuum pipes being carried down 
the pit 

'While vaounm f^paratus romained in abeyance, it * 
occurred to another ingenious mechanist that if h^-pres- 
Bure steam were applied directly in the cylinder attached to 
the crane, he might dispense with the air-pump, the re* 
ceiver, and their adjuncts. This idea was carried into 
effect, and cranes, with small steam-engines fixed to th^, 
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Fig, 16. FiiAN or Fibioh, &c 




Fig. 17. 





Digiiized by Google 



OH THE OONSTROCTIOS OP 0KABE8. 



are worked with advantage in cases where loads varying 
but little in weight require to be hoisted in continual 
succession. The author had lately an opportunity of seeing 
one of these cranes in action on the new works at Dover 
Ha^jjoor, hoisting blocks of stone from the coasting vessels. 
The orane was fixed upon the quay, the boiler was in a 
buildii^ not &r distant, the steam pipe was couTeyed 
under the road, a&d then nsing up was connected to a 
swivel joint on the centre of tihe crane-post, and conducted 
the steam 'to the osdliating ^linder suspended by hollow 
pivots above the pinion axle ; ibis was cranked to receive 
the cap of the piston-rod, and fitted witli a small £y-wheel. 
The crane was skilfully managed by a workman, who, upon 
the ascent of the stone, stopped the little en^ne, applied 
the brake, disengaged the pinion, and lowered the stone 
upon a truck, iu about the same time that has been taken 
to write fiiis brief description of his movements. 

A. self-acting crane differing entirely from these has been 
erected on the .quay at Kewcastleon-Tyne, from a design 
by Mr. Armstrong of tihat town. It is worked by water- 
pressare. The reservoirs which supply the town with 
water are placed more than 100' above the level of the 
quay. Three cylinders placed under' ground, lyic^ on 
&eir sides, and parallel to each Other, have theu: piston- 
rods attached to one cross-bar, which carries a strong 
pnU^, over whi(^ passes the bight or double of the crane 
chtdn, one ^d of which is made fast, and the other end, 
passing upward through the c^tre of the hollow crane-post 
and over guide pulleys, is carried to the end of the crane jib. 

The cylinders have a long stroke, and are fitted with 
pistons eai slide:valTes, somewhat like those of a steam- 
. enghie, but the pull^ in the double of the chain makes the 
hoist eqoal to twice the length the pistons travel. 

The column of water acta by its pressure upon the pis- 
tons, and for Ufting ordinary weights it is admitted into the 
centre cylinder only; for extm weights, it is tamed into the 
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two external cylinders ; and for the heaviest weights, into 
all the three. 

A fourth cylinder, having the piston-rod fitted with a 
rack acting on a strong toothed-wheel upon the crane-post, 
serves to turn it round ; and the crane chain being weighted 
just above the hook, oveihaals itself without &rther assist- 
ance. 

A case or chest of cast-iron neatly formed, like a pedestal, 
is secured to some masonry at a short distance from the 
crane, and contains the apparatus for taming the water on 
or off; beside this stands the workman, who, by the ma- 
nagement cHf a few sliding stop-cocks, hoists, lowers, and 
turns the crane at his pleasme. 

Cranes of this kind, both for whar& and warehouses, 
have been erected at Livei^ol, with complete success, at 
the Albert Docks ; a crane worked by a column of water 210 
ft. in height has been set to work at Glasgow; it will lift 
15 tons, and it is worked with great facili^ and promptitude. 
Engravings of two cranes are here giv^ ; one is for a whar^ 
the other for a warehouse. The contrivance fiar using water 
at so hi^ a pressnre requires a more detailed description, 
which, 1^ the liberality of Mr. Armstxong, the author is 
enabled to ^ve. 

Befeiring to the IllustrationB — Fig. 15 shows a side view 
or elevation of a crane, a is a cylinder contidning a wat«r- 
t^it piston, attached to the piston-rods; oo is a feed 
pipe which commnnieates.with the main supply pipe d, 
- and by wluch water under pressure is caused to enter &e 
i^Iinder at pleasure, by means of the slide-valve b ; n* 
and n^ are £zed pulleys, and a movable puli^ which 
travels with the carriage 7 attached to the end of the 
piston-rod, and supported on the friction rollers ao, 
two of wMch are placed on each side of the carriage, and 
run upon rails hh,. as shown also in the Flan (Fig. 
16). I is a hollow cast-iron pillar, fbrmii^ a fixed centi'e, 
round which the movable parts of the crane turn; and ttt 
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is a caBt-inm feame in which the pillar is stepped, the frame 
being bolted to the foundation. 

3333 is the chain by which the load is suspended, and 
-this duun passes downwards through the centre of the 
hollow pillar ; and after passing over the ptdleys n', d*, and 
D^ it is fixed to one end of the movable caniE^ r. 

When water from a s'^cienUj elerated soorce is ad- 
mitted into the fiylLnder. the piston-rod will be put in motion 
by the pressors of the water, and lift the load attached to 
the end of the chain ; while, the extent of the piston's 
action being multiplied threefold hj means of the pulleys, 
the load is lifted to a height eqnal to three times the space 
passed through by the piston. 

And when the water is allowed to escape from the cylinder 
throu^ the pipe c c, by the opening of the passage in the 
valve box B, conmiunicaUng with the waste pipe l, and the 
closnig of that conununicating with the pipe D, (tie 
piston returns toiv&rds its fonaw position, and the load is 
lowered. 

The cjiiuider is placed in an indined portion, m order 
that the wei^t of the movaUe carriage, with its pulleys 
and appendages, may&dlitate tiie overhauling of the ohtun 
by the counterweight e. 

The ciane also turns round in ^ther direction by the 
acfiou of water, hj means of the followiug ^iparatus ; sn 
is a cylmder containing a piston, acted upon by pressure 
on both its sides, connected with the rack n, which travels 
between guides o o. 

The taeth of this rack work into corresponding teeth 
surrounding the lower margin of the collar p, to which 
collar, and to tiie c^ q, tiie framework of flie jib is fixed ; 
B B and s s are the pipes by which the water under pressure 
is conveyed to or firom ttiis cylinder either end, and the 
admission and emission of tiw water are regulated by a box 
slide valve t. Kear to x are two valves which may be called 
the relief valves, and which are fixed, aae npon each of thrae 
pipes. 
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The object of these reUef valves is to prevent the circulur 
motion of the jib from being too suddenly arrested by the 
dosing of the slide-valve; theywill be better understood by 
xeferencT to Fig. 17, which is a sectional view of one of 
these relief valves n, showing a portion of one of the pipes 
B, upon which it is fixed ; d is a small tube communicatang 
with the main supply pipe, and I is also a small tube eom- 
mimicating with the waste pipe l and a small cistern w, 
whidi is kept charged the waste water from the (flin- 
ders JL and H of Fig. 15. 

In these reUef yalves there are clacks, eadi openhig up- 
wards, marked x and t. The manner in which liiese relief 
valves act is as follows : — 

Suppose the jib of the ci'ane to be swinging round hy 
the liction of the water upon the piston, the pipe s acting at 
the time as the egress passage ; then, on the sudden dosing 
of flie slide-valve, the egress bemg abruptly stopped, the 
whole of &e toniuig ^paratus would be subjected te a 
violent shodc from the momentum of the jib, were it not for 
the dadcx, which there gives vent to the confined water, and 
allows it to return into the mfun supply pipe as soon as the 
compression caused hy Uie momentom of the jib becomes 
sttfficieut to raise the valre .by overcoming the wei^t of 
watOT upon it ; thus the piston, instead of being suddenly 
stopped, is only power&lly retarded, and the jib is brought 
to rest quioUy but vrithout shock. 

• If the pipe s be acting as the ingress instead of the 
egress passage, then on dosu^; the sUde valve, and while 
the momentum of tiie jib continues to impai-t motion to tiie 
piston, water would be sucked up through the dadt t, &om 
the vraate water cistern w, to supply the void which would 
otherwise be left on the inSaz side of the piston. 

Thus, by t^lying reli^ milves to each of the waterways, 
the detrimental efi^ts which might otherwise result from 
the swing of the jib are prevented, and the cyUnder which 
turns it is kept always fiiUy chained with water on both 
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Bides of the piston, and ready to receive bnmecUate impulse 
in either direction as soon as the slide valve shall be re- 
opened 

Beverting to Fig. 16, z is the index table; &e internal 
urangements of it are such that the vrorkman, turning 
the indices with a cranked handle Tspoa each of them, bos 
the entire control of all the operations of the ci&ne, the 
index on the right directing its revolving movements, and 
that oa the left the hoisting and lowering. 

Fig. 18 is an elevatioa of the jib and pillar of the erace 
viewed from behind. 

The cylinders, pipes, and valve bcnces are undergromid, 
secured to masoni^, and the excavation is covered with 
boards, flag stonesi or chequered, plates of cast-iron. 

In the crane at Newcastle, before described, there, are 
three cylinders, and the length of strike in them is 13 feet, 
vhieh, by the movable pulleys, is multiplied threefold, 
making tha lift S6 feet The column of water is about 
340 feet high. 

f^. 19 shows an anangement of three qdindeia, fcx the 
purpose of obtaining various d^prees of power- 
When the lowest power only is wanted, the water is ad- 
mitted into the middle cylinder; and, while the travelling 
pull«7 is drawn alcokg by the action of the middle piston- 
rod B, the two outer pistoiwods, passing through holes in 
the cross head, remfun at rest, the oross head slidii^ upon 
them. When the second power is required, the water is 
admitted into the two outer cylinders and shut off from the 
middle one, which then exerts no power; but the piston- 
rods of the outer cylinders, hating stops upon th^r ends, 
then act upon the cross head. And when the greatest 
power is needed, water is admitted into all the three c^lin- 
dora at tiie same time. 

The power may also be varied by vaiying the number of 
pulleys, if they be so arranged. 

. Fig. 30 represents a combination of pulleys in eases 
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where very high lifts are required, as in lofty warehouseB, 
and where it is necessaiy to multiply the comparatively 
^ort stroke of a piston. 

Fig. 21 is a sectional view of the vertical cylinder shown 
in the last figm-e, draivn to a larger scale. 

Fu/. 22 is the top of the index table, and Fig. 23 the re- 
mainder of the apparatus connected with it, draivn to a 
larger scale, and shown partly in section, in order to show 
how motion is given to the shde-valves. 

For tliis purpose tlie cranked handle t is fixed upon a 
rod ii, terminating at the lower end in a screw, wiiich works 
in the hollow head wi of the vahe-rod x. 

The pointer n is fixed upon a tube which turns freely 
round the rod h, and bas a cogged wheel !i upon its lower 
end. The rod b has also a small co;_'ged wheel or pinion g 
fixed upon it, which works with a larj^er cogged wheel k, to 
which is fixed another pinion which works with the larger 
cogged wlieol k attached to the tube, which fumis the Eixis 
of the pointer, thus giving it a reduced motion, so that the 
pointer makes but one revolution, while the cranked handle 
makes as many as are necessary to open and shut the slide 
valve by moviuf; the full length of its traverse. 

Fig. 24 shows a section of the slide-valve box e, and 
^g. 25 a similai- view of tlie slide-valve box t. 

Fiff. 20 is a kind of safety valve, which may be placed 
npon tho main supply pipe d to prevent its bursting, by the 
sudden increase of pressure which is liable to take place in 
the pipe, when the flow of water through it is, from any 
cause, abnipUy stopped. The power of the water, operating 
on the piston r, overcomes tiie resistance of a spiral spring 
attached to the lever p. and opens for a moment the escape- 
cock q, which relieves the strain upon tJie pipe. 

The application of a colunm of watci- to lift weights was 
made mauy years ago, by tlie late Mr. Matdiew MiUTay of 
Leeds, who employed it to raise the heavj' boilers he manu- 
factured for the spinning-mills in that district. 

His mode of using it was very smiple and effective. From 
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a cistern placed upon a lofty building, a water pipe eom- 
munieated with a cylinder set upright upon the top of " a 
triangle" formed of three stout trees, and fitted with a 
piston and rod, which passed through a collar of leather or 
stuffing box in the bottom of the cylinder; on the end of 
the piston-rod was a loop or shackle, to which strong 
chains were attached, for suspending large boilers, engine 
beams, &c. 

By admitting the water between the cylinder bottom and 
the piston, the load was lifted sufficiently high to allow a 
waggon to pass under it, and, by allowing the water to 
escape, the weight descended upon the carriage. 

Subsequently, Bramah's press has often been used for 
raising great weights ; but in no case has its power been 
exerted to such effect as in raising the tubular bridge over 
the river Conway, by Mr, Robert Stephenson. 

In a book like this, it may be proper shortly to explain 
the prmciples on which the pressm-e of water acts on the 
piston of a cylinder, or the ram of a hydrostatic press. 

The equal pressure of fluids in all directions, with a 
force proportionate to the height of their vertical column., 
without any relation to the weight or quantity of the fluid 
itself, appears at first sight so paradoxical, that it was long 
known aa "the Hydrostatic Paradox," aiid was illustrated 
by lecturers on natui'ol philosophy, by means of an apparatus 
called the Hydrostatic Bellows. {Fig. 27.) 

Fig. 27. Two thick flat round boai-ds, of about 




18 inches in diameter, were connected 
by a short hoop or cylinder of pliable 
leather, firmly nailed, and made water- 
tight round their edges, and made to open 
and shut like common bellows, butwith- 
out valves. A pipe about 4 feet high, 
communicated witli the cavity between 
the boards, having a funnel at the top, 
and, when water was poured into the 



p^e, it gradually Boparated the boards, causing the upper 
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one to rise, even when loaded with a weight of 3 cwt.t 
altliough the weight of water in a pipe of half an inch in 
diameter, and 4 feet in heiglit, does not exceed 6 ounces. 
The pressui'e of a column of water fom- feet high acts upon 
the whole under sui-faee of the upper, boai-d, whicli has an 
area of S54 square inches. Thus, in Mr. Murray's lifting 
apparatus, if the cistern were 60 feet high, and the cylinder 
40 inches in diameter, the pressure upon the piston would 
be sufficient to lift a weight of 24 tona. 

In Mr. Armstrong's cranes, supposing the hydrostatic 
column to be 240 feet, which at Newcastle it ia, the pressure 
in his cylinders will be four times as much as that in the 
cylinders upon Mr. Murray's plan. 

Carrj-ing the same principle still further, Mr, Bramah 
applied to the cylinder of his press a small forcing-pump, 
with a powerful lever acting on the plunger of the pump, 
which, in some cases, he made not more than three-fourths 
of an inch in diameter, so that a man might exert a pres. 
sure of a ton or more upon ^he plunger, and, consequently, 
a force of two tons upon evei-y square inch of surface within 
the pump, for the ai'ea of such a plunger is somewhat less 
than half a square inch (-4417), therefore the water forced 
into the lai^er cylinder exerted the same pressure upon 
every square inch of surface within it as has before been 
shown. 

Instead of pistons, Mr. Bramah's cylinders were fitted 
with plungers, or " rams," working thi-ough a collar of 
leather, the outer end of the ram acting against press plates, 
or performing any other work requiring heavy pressure, so 
that if the ram were 10 inches in diameter, a force of 150 
tons might bo gained by it. 

The weight of one of the two tubular beams of iron, 
forming the bridge over the ri^ er Conway, in the line of 
the Cheater and Holyhead Railway, was reckoned at 1 300 
tons, and it was lifted by twn presses, one at each end of 
the tubular beam ; these cylinders were each ftO inches in* 
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side diameter, and the rams 18f inches, the water space 
round the ram being full three-fourths of an Inch. 

The cylinders were about 0 inches in thickness, and the 
rams had a sti'oke or lift of 6 feet. On the top of each 
ram was fitted a massive iron cross-head, from which, pass- 
ing through boles in it, depeiWed two Btnmg dtains, farmed 
of flat wrought iron, in. links of eight and nine bars alter- 
nately, their length being 6 feet. 

By these chains the tubular bridge was raised 6 feet at 
every lift of the rams, each end of the bridge being sus- , 
pended by the two chains coming down from the cross head 
of each press, as before meutioueJ. 

The presses were elevated above the level of the bridge 
upon strong h-on girders, supported oa masoniy, with open- 
ings in the girders for the chains to pass through, and pro- 
vision-was made for securing the chains as they passed 
through these openings, by means of strong vices or screw 
clams, so that, each time the tubular beam was lifted 6 feet, 
the hft was made good, and one link or set of plates re- 
moved &om the chains. The water was dischoi^ed from, 
the cylmders, the rams deBfianded. and another lift was 
taken, until the bridge was raised to the required height, 
which was about 24 feet. 

The forcing-pumps which injected the water into the 
cylinders were worked by steam power, at a pressure of 
2-14 tons on the ckeular inch; the section or area of the 
ram, being 337-64 circular mches, gives a force of 722^ tons 
to each press, or 1445 tons to the two. 

The lime required to raise the bridge and build up tlie 
masonry to it was four days; but it was actually lifted 13 
feet high in an hour — an effort of mechanical power which 
has never before been equalled — ^yet each cylinder, when 
full, contains only 18 cubic fiae^ or less than 83 gallons of 
wat«r. 
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On the Strenoth of Matebuia csbd in the 

Construction of Cranes. 
Cast IroH— Wrought Icon— and Wood. 

It is proposed to conclude this treatise with a brief notice 
of the streiigtii of materials, and a review of Uie laws which 
regulate their proportions and application in the construction 
of cranes and to other purposes, for raising and supporting 
weights; bnt, as srich notice must of necessity be veij 
limited and imperfect, references will be made to &osfl 
works which contain more ample and detailed information 
for tliose who may wish to pursue the subject further. 

The strength of rectangular beams or bai-s of wood or 
metal, supported at both ends and loaded in the middle, is 
in proportion to the square of the depth, multiplied by the 
breadth, and divided by the length between the supports. 

Hence it is that beams and joists are made deep and 
narrow ; for a beam which is 6 in. broad and 13 in. deep 
will carry a greater weight when set edgeways than when 
Md flat, ia the proportion 12' x 6 = 864 to 6' x 12 = 433, 
or S to 1 ; this rule holds good so long as the beam can be 
kept from twisting, and is quite straight in the grain, and 
free from knots or flaws ; consequently, flooring joists which 
are steadied by the boarding and by cross bracing, are often 
made 9 in. deep by.2 in. thick, or 12 in. deep and 3 in. 
thick, which proportions answer the purpose very well in 
Huch circumstances. But when a single beam of large 
dimensions, or a piece of strong and independent frame- 
work is required, the best proportion of depth to thiclmess 
is as the square root of 2 is to 1, or nearly as 7 is to 6. It 
is also tlie strongest piece of timber that can he cut out of 
a round tree; for, although the quantity of timber con- 
tained in a square beam cut out of the same tree be to this 
as 5 is to 4 714, yet the strength is less in the square beam 
as 101 to 110. 

The following dit^ram {fig. 38.). showa the mode of de- 
scribing the £nm of this beam on ihe end of a totmd tree. 
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to be sawn into a crane jib. It also 
shows the difference between it aud the 
square beam. If the beam be not 
loaded m the middle, but have the 
weight laid upon it nearer to one 
support than the other, the stress will 
be as the product of the two distances 
from the supported ends. Thus, if a 
beam supported at both ends be 12 fL 
long between the supports, and be 



loaded at 4 It. from one end, tlie stress upon it, compared 
with a similar beam loaded on the middle, will be as 

4 X 8 = 32 is to 6 X 6 = 36, tlie stress decreasing in this 
proportion as the weight is brought nearer the end, 

If the load be distributed equally over the whole lengfli 
the beam, the stress is equal to half that of a vu^t 
laid upon the middle of it. 

If it were possible to fix the beam fast at both ends, in- 
stead of supporting it, as for instance, by building both ends 
into massive walls, the strength would be increased in the 
proportion of 3 to 2, and the beam, if loaded until it broke, 
would break in three places instead of one. To fix a beam 
in this way is practically impossible ; but it should be re- 
membered that a long joist passing over several suppocts, 
and secured to them all, benefits by this law, andis stronger 
than if it were cut into short lengths. 

If a beam be supported at both ends m a slanting 
direction, at an angle, its strength, as compai-ed with that of 
a horizontal beam, is as the length of ttie beam is to the 
cosine of its elevation, so that, if the length of the beam 
be represented by the number 6, the elevation of its end by 
4, and the cosine of elevation by 3, the strength of the 
slanting beam compared with that of a horizontal one is as 

5 to 3, and it continues to increase as it is elevated from 
the horizontal position, where it is least, to the vertical posi- 
tion where it is greatest. When it has reached t^e perpen- 
dicular, there is no transverse stress, for the beam baa 
pecome a pillar and acts upon the thrust. 
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Wlien horizontal rectangular beams are fixed at one end, 
and the load is suspended from the other, the strength is as 
the square of the depth multiplied hj the breadth and 
divided by four times the length. 

Suppose one end of the beam to be built into a wall, and 
a weight placed upon the other end, then suppose the beam 
to be lengthened and carried through the wall to an equal 
distance on the other side, and to be balanced by a weight 
at the other end, then the beam will be twice the length, 
loaded by twice the weight, tending to break it in the 
middle; so that it comes to the same result whether we 
divide by four times the length, or multiply by four times 
the weight, for a beam projecting from a wall, or otherwise 
secured at one end and loaded at the other, will carry only 
one-fourth of the weight that it will bear on the middle 
when it is supported at the ends. If the end of the beam 
be elevated above the horizontal position, its strengh in- 
creases as it approaches the perpendicular in the proportion 
before mentioned. The lateral or ti-ansverse strength of 
square beams of equal lengths is as the cube of their 
depth, and that of cylindrical beams as the cube of their 
diameter. But the strength of a round beam, compared 
with a square one of equal section, is as 845 to 1 000 ; and the 
strength of a hollow cylinder or tube as compared with a 
sohd one of equal section, that is to say, containing the 
same quantity of material, is as the difference between the 
fourth powers of the exterior and interior diameters of the 
tubular beam, divided by the exterior diameter, is to tlie 
cube of the diameter of a solid cylinder, the quantity of 
matter in each being the same. 

All these rules are based on the assumption that the 
lateral or transverse fracture of a beam begins at the side 
or edge opposite the stress, and continues until the beam is 
bmken through, no regard being paid to compression on 
the side subject to stress; and this will be found practically 
correct In order to apply the rule, it is requisite to knovr 
the reladve strength of the material employed, which must 
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be ascertained by experiment. But, as most of the mate- 
rials in general use have had theii- strength already tried, it 
will only he I'equisite to prove such as are new or unknown, 
and, for the strength of others, to refer to the tables in 
wliich former experiments have been reduced and classed. 

The principles which govern the strength and stress of 
beams, as stated in the foregoing rules, are equally appli- 
cable to all materials ; but in the employment of cast-iron, 
which may be moulded tmd formed into any shape or sec- 
tion, it would be a waste of material to make the beams 
rectangular or of uniform deptli for the whole of their 
length. 

The metal should be disposed according to the stress the 
beam has to sustain at different parts, so that, whore there 
is most strain, there should he most material to resist it. 
The weight of a beam or of a crane must be taken into 
account as part of the load it has to caiTy, and metal mis- 
applied is money thrown away. 

Mr. George Rennie, Mr. T. Cubitt, Air. Hodgkinson, 
Professor Barlow, Mr. Fairbaim, and otliera, have made 
many valuable experiments on the strength of cast-iron 
beams, and Mr. Hodgkinson has demonstrated that the 
best fonn of section for a beam canying a load at the middle 
of its length between two supports is that of the annexed 
figure, in which two-thirds of the sectional areaai'c given to 
the lower flaiich. The weight that will just break such a 
beam is thus calculated : — - 



g BD''- {B-6)d' 
DL 



W = the breaking weight in tons. 
, L = the length in feet, 20. 

B, b, D, (i = the breadths and 
' depths shown in thd figure, all in 

I inches. 

No account is taken of the top 
flanch in tliis calculation — in fact, it 
adds so little to the strength of the beam that it is practi- 
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cftUy of no value in that reKpect; but it is necesaary, in 
casting the beam, to make it with such a flanch, in order to 
prevent its distortion in cooling, and also to insure the 
soundness of the rib at top, that it may serve as a fulcrum 
to the lower portions of the beam which act by tension. 

Thus, if the beam have the following dimecsions, namely, 
the breadth of the lower flaneh 13 in., and its tliickness 
2 in, ; the depth of the beam 10 in., aud the thickness of 
the web or middle part 1 in. ; tlie width of the top Ilanch 
5 in., and its thickness also 1 in. ; then the whole suctional 
ai'ea of the beam will be 3C in. at the centre, and the lower 
flanch will contain 24 in., or two-thirds of the section. 
Suppose the beam to be supported at both endst and to be 
ilO ft. long between the supports, tlien — 

The cub(! of the depth or DMs . . = 1000 
The breadth .... B ... = 12 
The reduced breadth B — * = II 12000 
Theredu«!da«pth(j3Die3-6I2xll-> fi632 . 
The length L, m SO feat, X D - 10 or 200)6868 
Of which take J, which will be equal to 8)3^84 
the ultimate weight W that the beam 10 01 

wil[ bear in tons. 2 
ToDB 21^2 

that is to say, the load that irill jnst break the beam. Mr. 
Hodgkinson also, in his evidence concerning &e fall of a 
cotton mill at Oldham, gave the following approximate rule < 
for beams of similar section. 

Multiply the area of the section of the lower flanch in 
the middle of the beam by Ihe depth of the beam there, 
both in inclies, and divide the product by the length of the 
beam between its supports in feet ; the quotient multiplied 
by 9-14 will give the breaking weight in tons. This rule 
applied to the same beam will give the following result;— 

Area of the lower flanch 12 X 2 = 2i inches. 

Depth of the beam in the middle 10 

Diiided hf the leDglh in feet , . 20)210 

120 ■ 

Unltiplied bjr th« given nnmbw 2-14 

Qirtt u tbe wmght to break it 26*68 vma. 
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The author has found by many experiments on cast-iron 
of good quality, that rectangular bai's supported at botii 
ends, when reduced to a general standard of an inch square 
and a foot long, broke with 1 ton on the middle of the bar. 

If, Uierefore, the same beam be supposed to form part of 
a rectangular parallelogram, at its middle soi;tion, which is 
]a in. broad and 10 in. deop, and from which two beams, 
each 5-| in. broad and 8 in. deep, be cut out, disregarding in 
this case also the top flanch, the following will be the result 
(See j^. 29.) 

10' X 12 = 1200 

8> X 6i X 2 . . . — 70* 
Diviaa bj leDgth m feet 20)496 
Wnght that jiut brenki it 21-^ ton*. 
In no case should 8 cast-iron beam be loaded with more 
than one-fifth of the weight that will break it, even where 
the load is qmescent, as in the floors of warehouses. It 
has been tlie practice of some persons in building cotton 
mills to load the beams with one-third of the breaking 
weight, but in time they ofton give way, and cause frightAil 
accidents. 

The fall of a cotton mill at Oldham, m the coimty of 
Lancaster, from the failure of the cast-iron beams and 
pillars, and some other casualties of a similai- nature, caused 
an inquiry to he made under a Eoyal Commission by Sir 
Henry de la Beohe and Thomas Gubitt, Esq., which elicited 
some reiy important evidence, and induced some Taluahle 
expeiiments, to which the author has made Sequent re- 
ference. 

Cast-iron cranes should not be loaded with more than 
one-tenth of the weight that will break them, and when 
those cranes are intended to lower heavy hbdies by means 
of brakes, thdr load EAioiitd not be more than one-twentietb 
of tiie breakmg vreight. "When a w^^t is r^idly lowered, 
and checked in its descent 1^ the brake, it acts like a fell- 
ing body upon the chun at the end of tbe jib. A civil 
engii.eer of acknowlet^d talent designed several cast-iron 
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cranes for shipping blocks of stone : they were found quite 
strong enough to hoist the intended load, but failed when th» 
blocks of stone were suddenly stopped in tlieir descent into 
the hold of the ship. 

Besides, it often liappens, when heavy objects lie beyond 
the sweep of llie crane, that the chain is carried out be- 
yond the perpendiuular, and the jib is thus virtually length* 
ened. 

On beams loaded at the middle tho stress decreases to-, 
wards the ends, and at the points of support the beam re> 
quires, theoretically, no depth: this diminution of depth 
&om the centre to the ends is proportionate to the square 
root of &e stress at each point, and, consequently, forma 
parabolic curves, tennmating when they reach the supports ; 
practically.however, they cannot so terminate; but, when the 
beam is made half the depth, at the ends that it is in the 
middle, it mcludes the parabolas. Or. if the beam project 
from a wall or a crane post, and be loaded at the end so 
that fracture shall begin at the upper side, the stress on the 
beam next to the wall will be four times the load upon the 
end. 

if the depth of the beam next to the wall or prop be re- 
presented by 10. and the stress at the end by 100: and ii 
the length of the beam he divided mto 8 parts, ihen the: 
stress upon the beam and the depths required to resist it 
will be m these proportions. 



Flff. 30. 




, The same principle is often carried still further by ca&tii 
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tag die beams, or crane jibe, like a piece of open frame- 
work, by which the effect, if increased, may to Bome extent 
be obt^ed, as is shown in the construction of the 10-ton 
crane. (See Fig. 12.) 

When cast-iron is subject to tension, the strengtii is in 
proportion to the areas of the tinnSTerse section of the 
bars, but it is seldom applied to resist tensile stress, wrou^t- 
iron being generally i^ed-for that pmpose on account of its 
greater toughness and strengtii. 

It is, therefore, only necessary to state that Ihe mean of 
many experiments shows that tiie aTerage tensile strength 
of cast-iron is neatly 7 3 tons to each square inch of 
section. 

Whai cast-iron is sul^ected to a crushing action, the 
fbrce required to crush a prism of a h«ght vat^'ing from 
3 to 6 times ita radius is on the avetage 6^ times as much 
as will tear it asunder, or about 48 tons upon a square inch. 
When the height exceeds 8 times the diameter of a solid 
cylindrical column, it is partially bent as well as crushed, 
and, when its height is less than 1| times its diameter (or 
rather 1 '42), the portions crushed cannot detach tliemselves, 
because the malerial splits ot!f at an angle of 55' witli the 
plane of the crushing sm-fuce. But, when cast-iron is used 
for pillars, many circumstances must be taken into account 
which materially affect the results, for not only are the 
crushing and heiiding actions combined, but their effects 
vary with their peculiar application. As, for instance, long 
pillars wilh their ends perfectly flattened, firmly fixed, bore 
three times i« much as when their ends were i-ounded, and 
made capable of turning like a univereal joint When one 
end was roiinrled and tlie other fiat, the strength was a 
mean between the two : so tlial in thi'ee long pillai-s, all of 
equal diameter and Iciifjtli, one of them with both ends 
made round, another with one end rounded and the other 
end fiat, and tlie third with both ends fiat, the strength 
was as 1, Ei, 3, or very nearly no ; but the enlargement of the 
flat ends with a disc beyond tlie diameter of the jnUoTr 
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SO as to give increased breadth of bearing, altiiough neees- 
saiy In many cases for pract::»l purposes, gives no additional 
strength to the pillar, but stabilt^ only. 

A long pillar with both ends flat, or firmly fixed, has 
nearly the same strength with one of the sione diameter and 
half the length, with both ends romided. 

A solid pillar, enlarged at the middle, as 8 to S> or 
upwards of the diameter of the ends, and tapering from the 
middle to the ends, like the frustums of two cones with 
bases united, has its strength iacreased more than the 
weight ot the metal by about a seventh of the whoU) 
whether the ends be round or fiat. 

In praotiee, however, it is proper that the form of parar 
bolic spindles be' given instead of the conical shape, for the 
following reasons, in reject of similar pillars — a shape 
something like the main yasd of a ship. £'or, if long 
pillars be cast and tamed perfectly simtlar, &e diameter 
being to die length in a constant propordoo, the strength 
of the larger pillars is found to inci'ease in the'iatio of the 
1-86S power of the diamet^, or nearly as the squares. 

If a pillar have flat ends, but the pressure it sostaios 
acts diagonally throu^ it, that is to say, from the extrem- 
is of the diameter at one end to the opposite extremity 
of the diametei' at the other, the strength is reduced in the 
proportiott of 1 to 8, which has been proved by experiment, 
OB in the case of pillars rounded at the ends. 

These properties apply to pillars of snoh a length that 
fraetoze may be considered as having been produced wholly 
by the flexure of the column, that is to say, to cast-iron 
pillars with rounded ends, in whtdi the length is more than 
IS tunes the diameter; and to those with flat ends, whereof 
the length is more than 80 times the diameter ; but, if the 
pillars be shorter, fracture takes place partly by flexure and 
partly by crushing, so that both these actions must be taken 
into the caloulation. 

Professor Hodgkinson found the strei^th of long cast^ 
iron columns with rounded ends to increase as the 8*76 
B 8 
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power of the ^uun^i^ nearly, and those wiUi flat ends as 
the 3'fi6 nearly, the length in eatdi case being given. £ut 
when the length' varied, and diameter rem^ed the 
same, he found that the strength was inversely as the 1*7 
power of the length, or nearly so. 

Taking, therefore, 3-6 as the mean between 8'76 and 8-56, 
and the coefficients obtained by a series of experiments, be 
deduced the following rules for cohimns fixed at the ends : — 

JFor solid columns — 
D 

W = H i&jji:^— the strength of a cylinder. 
For hollow columns— 

™ ...OA D''' — d''-' ,the strength of ft hollow 
W= 44-84= =1 cylind^. 

W is tlie breaking weight in tons, D the external and d the 
internal diameter in inches, and L the length in feet. If 
both ends of the pillars be rounded, divide the result by 3. 
If one end be rounded and the other flat, take two-thirds of 
the result as to strength. 

If pillars with flat ends lie shorter than 80 times theu* 
diameter, or if the ends be rounded they be less than 15 
times the diameter, they wlH be cruslied as well as bent, 
and the value of W must he inodi6ed thus : — 
Wc 

c ia tlie weight tliat would crush the pillar in tons, if if: ' 
were so short as to be broken without flexure. To find c, 
Mr. Hodgkinsoii multiplies the area of the sectioD of the 
pillar in inches by 49, because the iron he used (Low Moor, 
No. 3 Iron) required 41) tons to crush a prism whose base 
was one inch hijuare. 

The relative slrenglh of cast-iron pillai's, as compared 
with other mateiiids used iu cranes, may be thus stated : 
representing the strength of cast-iron columns by 1000, the | 
eti-ength of wrought-iron was found to be 1745 i oast. steel. 
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3518; Dantdc oak, 108*8; reddesl, 78-5. (Philosophical 
Transactions, 1840, Part Snd, page 430.) 

From what has been already stated, it ia evident tiiat all 
crane jibs, acting on the thrast, should have their diameter 
largest on die middle and tapering in a curved &rm, approx- 
imating to the parabolic, toward the ends, which should be 
about § the diameter of the middle, and also in order to 
obtain the greatest strength with the least material, in a 
oast-uron crane jib, aetmg on the thfu&t, it should be made 
hollow, and the ends should be £zed, so that the stresa 
atudl be taken directly dirongh the axis of the pillar, or 
tlrnt &e ends of the pillar shall be flat, and their planes at 
right angles vriih its axis. So that all the contrivances of 
ball and socket ends, and ot^er methods of compensating 
for imperfection and want of truth in the construction and 
adjustment of pillars and struts, shQuld be abandoned, as 
worse than useless. 

The following tables, delivered in evidence by Mr. 
Hodgkinson and Mr. Faiibaim, show the results of many 
experiments made by tliem on the tensile, crushing, and 
transverse strengUi of cold and hot-blast ii'on. 



Force ik Pounds BEQiiuiED to teas abdndeb a Bab of 
Cabt Ieon, Osr Inch Squarb. 



Deseription of Iron. 


Cold Blast. 


Mot Blail. 


Iion'beinKliw"- 


Bufferj, No. 1. , . . 

CoEd Talon, No. 2. . . 
Carron, No. 3. ... 
Devon, No. 3. ... 


17466 (1)* 
16683 (2) 
18866 (2) 
11200 (2) 


13434 (1) 
13505 (2) 
16876 (3) 
17755 (2) 
21907 (1) 


1000 : 769 
„ : S09 
„ : 884 
„ : 1250 



■ Xha Dumbera batwaen pnniitbeKa ahow th« number of expetimeiiU. 
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PoBOR IN Pounds heqcired to cncsH a Prism ; the Babh Oira 
Inch SquAKE; the Height, 11 Inch. 











oof 


Description or Iran. 


Cold Blait. 




Wd'art' 










iDBiooa. 


BuffiTy, No. 1. ... 


mm (4) 


8039T (i) 


1000 


926 


Carnm, Ko. 2. . . . 


10S37G (3) 


108640 (2) 




1020 


Cord Talon, No. 3. . . 


81770 (4) 


S2734 <4} 




1012 


Carroll, Ho. 8. . . . 


116142 (4) 


133440 (3) 




IIGS 


Devon, No. 8. ... 


14S43G (4) 






PaANsTERSE Strbnqtk op 


Bars, One Inch Sqcakb, laid on SuFFOBTf 


41 Feet a3unoeh, ah 




WEioar IS TH 


B Middle. 








[)st 


oof 


Desctiptlan of Iroo. 


Cold Blast. 




StieoElh, th»t 
of Cold BUit 








Iran being lOOa 


Buffery, No. 1. . . . 


463 (3) 


436 (3) 


1000 


942 




476 (3) 


463 (3) 






Coed Tiibn, No. 2. . . 


408 '7 (3) 


lOS-2 (2) 




1001 


Do. do. No. 3. . . 


533 (2) 


49S (2) 




922 


Carroci, No. 3. ... 


444 (3) 


E20 (3) 




1170 


Devon, No. 3. ... 


448 (2) 


Bar (2) 




1190 


Uuirkirk, No. 1. . . . 


444 (2) 


418 (2) 




942 


£laicar cold and Milton 










iiot btait. No. 1, . , 


430 (2) 


352 (2) 




819 



Wrought iron is seldom used on the tbrnst in constructii^ 
cranes ; but its sti'cngtli, compared with that of cast-iron, 
npplied as a pillar, is nearly 75 per cent, greater. It has, 
however, been fouiiiK by e\peTinients carefully made, that it 
is peritmiieiitly compressed with about 11 tons on the squai-e 
ineh of transverse section ; with loads below that weight, 
the bar or pillar regained its original length. It is, almost 
invariably, in large crones, upon tlie stretch, and mostly in 
the manner sho^n in the 5-ton crane. (See Fig. It.) Its 
" tensile strength is direcUy proportionate to the area of its 
transverse section. 
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A series of ezperiments were tried by the late Mr. John 
Sjngston, in the dockyard at Woolwich, which are given in 
sU their detuls in the Transactions of the Society of Arts, 
Volome 61, 1837. 

Inclief. 
-Oil in 100 
■054 „ 
■110 „ 
1-35 broke. 
■025 in 100 
■060 „ 
■093 „ 
2'502 broke. 



A bar 1 inch square 11 „ 
12 

A bar 1 inch diam. 9 ,, 
A bar 2 inches aq. 40 „ 
iO „ 

. These and Tarious other experiments show the breaking 
strength of bar iron to T&iy &om S8 to S8 tons per square 
inch of section, and that the aver^^ we^ht which breaks 
the bars, when they are of a &ir qualify, is about tons 
for each square inch of section; that it is permanently 
stretched and its elasticity destroyed by about twoi-fifths of 
the stimn that breaks it, or about 10 tons, the strain vaiying 
from 8-!i6 to 13 tons/ 

It has also been ascertained that bar iron stretches, 
witiiin the limits of its elastialy, about '000096, or one ten- 
thousandth part of an mch, by each ton of stnun, and it is 
perm&nentiy stretched when the extension reaches one- 
thousandth part of its length. Oonsequently, it should 
never be subjected, for any practical porpose, to a stress of 
more than 6 tons on each square inch of section with a 
quiescent load or steady pull. 
In craaes where tension rods are used the stress should 



A bar IJ inch with 5 toiia stretched 
10 „ 

26'5 „ 

A bar 1 inch diam. 6 tons stretched 
10 .. 
14 „ 
23 ,. 



~_- (elasticity 
**"*|destroyed. 
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not exceed 3 tons per square inch, and if brakes be used 
for loweriDg the load, not more than two tons pec square 
inch of section ; othei-wise considerable reaction may take 
place when the descending load is checked suddenly in 
lowering. 

The lateral or transverse strength of wrought iron was 
carefully tried by Professor Barlow, at the request of the 
Directors of tlie Nortli Western, or London and Birming- 
ham Itailway Company. His principal experiments were 
made on bars about 3 feet long, supported at both ends, the 
distance between supports being 3^} inches; and he found that 
bars ] }i inches bvoiid and 3 inches deep would beai' 4^ tons 
of stress ai the middle of the bar, as their ultimate load ; 
with any I'Lu-tlier load the bar was penuanently bent, and 
its elasticity destroyed. The ultimate deflection in on? case 
was '148 inclies, and the mean deflection fur each half ton 
of load -0103 inches ; in another it was - Hi, and the mean 
for each half ton ■0108 inches. 

The author's practice gives th<' lateral strength of wrought 
iron, OS conipai'ed with cast iron, to be about M to 9, and in 
the disposition of the metal the same rules apply to both; 

wrought, iron cannot be run into moulds, nor can tha 
Biime forms always he given to it by forging. 



There is one part of a ci-ane subject to severe transverse 
strun, that is too often neglected by the engineer and' left 
to the smith; more lives are lost and more goods are 



Fig. 31. 
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damaged by the breaking of the crane hook than by any 
other part of the machine. The hook at the end of a 
crane chain may frequently he seen formed by simply bend- 
ing a bai- of round iron into a double crook or "ram's 
head," a shape not at all calculated to resist the stress to 
which it is liable. The proper form and disposition of 
material are shown in Fig. 31, contrasted with the 
older Bhftpe of t^e inverted " Aries ; " but, when very heavy 
weights mnst be lifted, it is best to substitute a shackle 
for a hook. The same remarks apply to the fastening of 
the chfun at the end of the crane jib, and also to the crane 
barrel. 

The DsvLEtmos of Matebuls 

To ba taken into Accoant in eonitrocting Cranei, or in eBlcDlating theii 
Strength. — Timber acting on tha Throat. 

In what lias been stated respecting tlie strength of ma- 
terials, their deflection has not been taken into account; 
and, on the construction of a crane, the form given to cast 
ii-on to afford the requisite atrength is also generally suffi- 
cient to ^ve the requured etifioess. 

But, in a course of expeiiments on cast-iron beams, the 
author found that a beam of 4 ft. long, -which brolce with 
IS} toes, deflected one-eighteenOi of an inch with a Icmd of 
13^ tons; irhereaa a umilar cast-iron beam, 9 ft. long, 
which broke m(tt ^ load of 13 tons, deflected ha^ an inch 
■with laj tons. 

From a series of e^)eriment8, tried on beams or battens 
of deal, he was led to the conclusion that, although the 
strength of a rectangular beam be as the square of the 
depth, multiplied by &3S width, and lUvided by the length 
muldpUed into the load lud upon the middle of tha beam, 
when 'supported at the ends, yet that the deflection of the 
beam increases directly in proportion to the load and to the 
cube of the length, and iuTersely as the cube of the depth 
multiplied by the width, a rule confirmed by the eiqieriments 
B 8 
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of Professor Barlow. It is, dierefore, important in all 
-works, consti-ncted on a Itu^ scale, that tbe deflection of 
&e material used shall enter into the calculation, but moce 
especially in those cases in which timber may be employed 
in the form of rectangular beams, or some combination of 
them. 

In order to do this, it is requisite to know wbati amount 
of deflection the material irili bear, and nfaat load will pro- 
duce that deflection, so that it may be kept within proper 
limits. 

The elaborate experiments of Professor Barlow, made by 
order of tho Admiralty in the dockyard at Wooiwich, and 
reduced by him into tlie form of Uibles in his excellent 
■work on " The Strength of Timber and oilier Jlaterials,"* 
afford data foi- calculating the dimensions of most Itinds of 
wood likely to he used in works of strength. 

These tables are the more valuable, as the expeiiments 
were numerous and exact, and the timber on which they 
were made was of considerable scantling, the pieces being 
generally 7 ft. long and 2 in. square ; but, as the wood was 
of the best quality, well seasoned, and free from knots, sap, 
and other defects, allowances must be made in applying 
the results to piactice, to compensate foi- such im perfections. 

The beams were fixed at one end and loaded at tlie 
other ; the greatest amount of deflection tliey could sustain 
without injuiy was taken as the elastic sti-ength of the par- 
ticular kind of wood under examination, and then the load 
was increased until the beam broke. 

It is obvious that, when the elasticity of tlie beam was 
desb'ovcil. or, as a car[>tnler would say, " when it was 
crippled," it became useless to pursue the inquiiy fm-ther, 
as afTording data for calculation; and it appears to be a 
good gdici al rule that the greatest load to which the beams 
should be subjected is one-fourth of thewei^t that ulti- 
mately breaks tliem. 

ThssG experiments also prove that the deflection of a 
* In Svo, editim 1861. 
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beam, fixed at one end and ioaJcd at tlie otlier, is to that 
of a beam of tliii same lenglh, supported at both ends, 
and loaded at tbe iinddle wiib Che same weight, as 3S 
to 1 ; the stress, as has before been shown, being as 4 
to I. 

The elastic Rtrength of the timber, that is to say, the 
greatest load it will bear without having its elasticity de- 
stroyed, he I'epresents by the letter b. The ultimate strength 
of tjie timber, that is to say, Uie stress that breaks it^ ha 
represents by tbe letter s, and has arrived at the value of 
these letters in the following manner: — 

A beam of teak timber, 3 in. square, fixed at one end 
and projecting horizontally 7 ft from its support, was 
loaded on die other end, and by cai'cful and repeated trials, 
Budi wood, which in this experiment had the specific gravity 
of 745, had its strength and deflection ascertained, tiie load 
being gradually increased until the beam broke. The mean 
results were as under : — 

Greatest weight sustained while the elasticity 

remained perfect in lbs 300 

Defl-iCtion at tliat lime, in inches . . . 1-151 

Breaking weight, in lbs 936 

Ultimate deflection before fracture, inches . 4-890 

To find the value of e^cabe the length in inches, namely, 
£4t'* = 593,704, and multiply this by the load in potmds = 
300, which gives a product of 177,811,200. 

Divide this product by the broadth, 2 inches, mnlttplied 
into the cube of the depth, or 2' = 8, multiplied into the 
deflection 1-151, multiplied by 32, or a total divisor, = 
589,312, and the quotient will be 301,800, very neaily ; this 
is the value of e, which, for the sake of simplifying opera- 
tions, is not carried out exact beyond the fourth figure. 

The value of s is tims found; — Multiply the length in 
inches, 84, by the breaking weight in lbs., 838, and their 
product is 78,793. 

Divide the product by that of the breadth, 2 in., multi- 
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plied into the square of the depth, = 4 in., multiplied by 
4, or a total divisor of S% and the quotient will be 
which is the value of b, and represents the oltimate strength 
of the timber. 

All the dimensions are here taken in inches ; but, if the 
length be taken in feet, the number 301,800, which repre- 
sents the value of e, must he divided hy the cube of 12 in., 
! or 1738; this reduces it to 174, and represents the load in 
pounds that a piece of teak, 1 in, square, and 1 ft. l*ng, 
will bear when supported at both ends, and weighted on the 
middle, without destroying its elasticity. 

In like manner, if the number 8463, whidh represents 
■the value of s, be divided by 12 m., it is reduced to 205, 
and shows the weight in pounds that will just break the 
same piece of wood. 

Firactical men have great objections, and very properly 
BO, to the use of tabular numbers, when they are arbitraiily 
giTen; but the experiments, in this instance, being given 
with them, enable persons to judge of their applicability to 
practice, and to make allowances for occidental defects in 
the timber they have to employ. 

The following table shows the elastic strength (b) and 
the uldmate strength (s) of those kinds of timber in general 
use, which are calculated by this formula : — 
i' X w* ' f X w 

I being the length, h the breadth, d the depth, w the load 
or weight carried, and d the defiectitm; all the dimensions 
b^g taken in inches. 

If a beam of Riga fir, 4 in. broad and 6 in.' deep, be 
fixed at one end, and project 6 ft. over the point of support, 
and be loaded at the end, if it be requured to determine 
what is the gi-eatest load it can bear without injury, deSec- 
tion not being considered, find the value of s for Biga fir, 
which is 1108, multiply this by the breadth and by flie 
square of the depili, and divide the product by 60 ul, the 
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ler^^ of the beam. The result gives the greates't or break- 
ing load, one-fourth of which is as much M it will safel^' 
caity. Thus 

X108 X 6 X 6 X 4 



= S65g-S lbs 



the breaking load, and 

S659-S 



= 664 '8 lbs. 



the greatest load the beam will safely carry. 

If a beam of Riga fir, 1 ft. square and iO ft. long, be sup- 
ported at both ends, and loaded in the middle, the weight 
it will sustain is found by multiplying 1J08 by 4, and pro- 

i before. Tbus : — 



vbich is tiie breaking load. One-fourth of tliis is the 
greatest weight the beam will bear wiUiout injuiy, namely 
8002 lbs. 

If tlie beams be inclined, as they often are in cranes, the 
leverage or projection taken on the horizontal line, or the 
distance between tlie suiiports measured horizontally, must 
be considered as the lengtli of the beam. If the load be 
spread imifonnly over the whole lengtli of the beam, it 
must be reckoned at half its weight ; and in no case should 
. the load be greater than one-fomah of the breaking weight, 
besidea allowing amply for imperfections, and for deteriora- 
tion by time and weather in exposed situations. 

When it is required to determine the dimensions of a 
beam capable of supporting a given weight with a given 
degree of deflection when fixed at one end. 

To lessen the niunber of figures, reduce the value of e 
by dividing it by 1728, the cube of 12 in., which brings the 
length of the beam into TeeL Divide the load in pounds 
1:^ this reduced value of b multiplied by the breadth and 
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deflection, both in inches; then the cube root of the 
quotient, multiplied by the length in feet, will be the depth 
required in inches. Thus, a be&m of Bjga fir is intended 
to bear a load of 66ti lbs. at one end, when it is fi^ed at 
the other. The lengUi of the beam is 6 ft,, the breadth is 
4 in., sod the deflection is not to exceed of an inch. 

The value of e, 166,100, divided by ITSS, is 96 nearly; 
hence 

665 lbs. 



the cube root of which is 1-003, and 8 x 1-903 = 9-fil in., 
the depth of the beam required. 

It has been shown that a beam of 6 in. in depth would 
carry the load ; but where a certain stifTne^s is requisite, as 
well as strength, it becomes necessaiy to adopt this mode of 
calculation. 

If the beam be cylindrical, as a mast or spar, the deflec- 
tion will be to that of a square beam as 1-7 to 1, other 
<Hr<nimstances being the same. 

When it is required jto find the size of a beam supported 
at both ends, capable of supporting a given weight, a 
giyeo,, degree of deflection, multiply the load to be carried 
in pounds by the cube of the length in feet. Divide &e 
product by 83 times the reduced value of B, multiplied into 
the ^ven deflection in indies, and the quotient is the 
breadth, multiplied by the cube of the depth m inches. 

If it be intended to malce the beam square, then, the 
breadth and depth being equal, the fourth root of the quo- 
tient is the side of the square. 

If the proposed beam be round, first multiply the quotient 
by 1-7, and then e.xtraot the fourtii root as before, which 
will be the diameter of the cylindrieal beam sought. 

A cylindrical beam of Biga fir, 20 ft, long, supported at 
both ends, is required to carry in the middle a load of 7 
tons, and the deflection must not exceed the -il, say two- 
tenths of as inch. 
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In the former case, the tabolor Tslaa of b was at once 
dinded by die cube of 13 inches = llfiQ; in the present 
instance, for the sake of being more exact in dealing witli 
large nombers, and very small deflections, multiply tiie 
value of z 166,100 by 32, and then divide by i7S8, 
which gives 3076, and redndi^ 7 tons to pounds gives 
16,680. 

Then x 1P680 x SO' _ g^g^^^ 
3076 X -3 

The fourth root of this number, i!l'36 inehes, is the 
diameter of ihe btuni required. 

ThiiB 6 I 346741 ( (t^ S88'85(21-26 
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Many cranes .ore now so constructed, that a pillar or 
stmt of timber acting upon the thrust forms the jib, aod 
two tension bars of iron, extending from the point of the 
jib to the top of the crane-post, or its framework, act as 
stays. It is, therefore, important to know what stress a 
pillar of wood will support in the direction of its axis 
without sensible deflection. Unfortunately, there are few 
direct experiments to show the precise strength of timber 
so applied, ami many, who have WTitten upon this subject 
without data, ai-o evidently wrong in tlieir results. Experi- 
ments which show the force required to crush short pieces, 
or cubes of wood, are manifestly useless for calculating the 
strength of long pillars made of a flexible material like 
timber. The practical experience of tiie author £as led 
him to the following conclusions: — ^Fkst, that the pillar, or 
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stmt, must 1)6 fixed at tiia ends, and applied direc% to the 
fhmst, 60 that the stress may be exactly in the direction of 
the axis, and, oonseguently, &at droular ends, rule joints, 
ball and aockeE terminators, and all contrivances of that 
Idnd, are debimental, as, indeed, Mr. Hodgkinson's experi- 
ments prove, Kext, that there shall be no sensibly flexure 
in the pillar, and no tanden<^ to bend more on one side 
than another ; therefore, the strongest form is that of a 
square beam ; and, lastly, that the value of u, or the power 
of resistance to compression in wooden pilki-s, liable to 
give way by flexure, is not greater when applied to pi-ftctienl 
puiposes than that of Mr, Barlow's tables multiplied by 10. 
Assuming this to be coiTect in practice, tlie strength of 
wooden pillars will be direc-tly as the faurtli power of their 
diameters or thickness, and inversely as the squares of their 
length. These proportions approximate very nearly to those 
given by Mr, Hodgkinson for iron pillars. Hence may be 
deduced the following rule: — 

Square the length of the pillar in feet, and multiply by 
the load in pounds. Divide the product by 10 times the 
value of E, in Mr, Barlow's tables, reduced for feet, .(by 
dividing by 1728,} and the quotient will be the fourth 
power of the thickness or side (in inches) of a square beam, 
wiiich will support tliat tlirust. 

If the pillar be round, multiply the quotient by 1'7, and 
then find the root. For instance, a Riga spar is required 
to bear a direct thrust of 5 tons, and its length is SO ft. ; 
what diameter should it be? 

6 tons are equal to 111200 lbs. 

SO feet squared, equal to 400. 

B = 166100 divided by 1738 = 98 x 10 = 960. 

112Q0 X 400 
Then -^j^ =iy40C0 = 8-2 mches square; 

for a round pillar, 4666 x 1-7 = V 7932 = 9-4 inches diam. 



XhuH ihs jib of a crane, to sustwn a thrust of 6 tons in 
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Qxe direction of its length, if made of a Riga spar, should 
be 9-4 m., or say 95 iu. in diameter at tlie middle of its 
lengdi. If tlie spar be short in proportion to its diameter, 
that is to say, if the lengtli do not exceed 1 5 diameterst it 
may he diminished one-fourtli at tlie ends, without appre- 
ciable loss of strength, the diminution, or taper, being tlie 
frustum of a parabolic spindle. If it be 18 diameters, 
the diminution at the ends may be one-fiftli, and, if 21 
diameter?, one-sixth of the diameter. This taper is similiu- 
to the Entasis of the Greek column. 

The large sheers for masting ships, and for lifting the 
heavier parts of marine engines, erected at Woolwich Dock- 
yard from the design of Oliver Lang, Esq., master-ship- 
wright, present a good example of resistance to stress, 
exerted in tlie direction of their length, that is to say, acting 
on tlie tlirust. (See Fig. 32). 

The centre mast is built somewhat like the mainmast of 
a line-of-battle ship ; much skill is shown in the ai'range- 
ment of the pieces, and tlie mode of securing them by 
means of plates and hoops of iron, the whole being so 
firmly pat together, that it seems to realise the adage of a 
bundle of sticks that could not be broken when so com- 
bined. 

The size of the spavs required for the sheers and sprits, 
both as to diameter and length, but especially the latter, 
was so groat, that, it would, perhaps, be impossible to pro- 
cure timber of nafural growtli fit fur tlie puqiose. The 
ends of the sjiars composing tliese " sticks " ai'e combined 
in a peculiar manner, so tliat a straight and strong piece is 
artificially formed of parts which ai'e probably strongest at 
their junction. A lljii.'k oetagonai plate of iron is let into 
the end of each spar where the parts join, and four strong 
dowels of iron, 2 it. long and 4 in. in diameter, pass thi'ough 
these plates into the timber. Between these two plates is 
a third and thicker plate, somewhat larger than the ends of 
the spar, thi-ough which also the dowels pass ; it is notched 
or " scored" on the edge to receive long iron splmte. sur- 
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Fig. 32. MASTIKG SHEERS 
At Her Majeay's Dock Yard, Woolwich ; 
Constructed by t)ie Itite Oliver Lang, Esq., Maitec Shipwright. 
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rounding the spar, and firmly hooped round and bolted 
through the wood, thus completely securing the junction 

Fig. 33. 



o a, are ocinijoniil platee of wrought iron, 1^ inches thick, let into the 
ahntling end of each apnr. 

h, the centre pinte. 1^ inches thick, through which, u well us through the 
other ciclagnn^il plates (a a), the Iron doweli pau, to strengthen the butt* or 
junction of the »para. 

c c, t)iQ ivrni]);lit-iron doire1% font in nnmber, each 2 feet long and i 

d il, iron siriipa or splints for conneeting tlia ipan together, let in flush, 
and hiiltcd thriingh the epara and through each' other. 

t, a liroad thick honp drawn over the centre pUte to canfine the itrapi in 
the noiehea on the eilgo of the plate. 

//, additional hoops to bind together the wrought iron itnpi and tlw 
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In order rightly to apply those materials, the strengtli of 
which has heen conaidered, It is requisite, in the construe- 
lion of a crane, to lift or lower a heavy load, to determine 
how that load will act upon the different parts composing 
it ; and, therefore, briefly to show how the load or force 
may be resolved in a practical way. 

The usual form of a crane for general purposes is that 
of a lightangled trian^e, the three sides being the fitallc 





Part of a Cbase. 
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or upri!,'ht, the jib or iinii, ain.l [lie stay, which is sometimes 
also called tho f^]<uv oi- stmt, and is tlio liypothenuse of the 
triiinglc. (See Kig. 

When the jii) ana the stalk are rqiial in !en^':lt, ami tite 
slay is the (liaj;.>iial of a square, tlio Ibnii in iheoreticalh 
Strongest, because the whole weight acts upon the slay 
teiiiiiiig lu cijuipress it in the dhvfiion uf its length, the 
Stress upon it, as compared with tlie weight, being as tlie 
diagonal to tlie side of the square, that is to sav, ns 1 to 
the square root of oras I to I-4l4'-2, nearly; cnn^ecpiently, 
if the weight upon the crane ho 10 ions, tlie thrust upon 
the slay will he l.t tons '3 cwts. 0 qrs. 7 li)s,, very nearly, 
or as B c to e D. The weight w is sustained by the ro])e ur 
chain, and the tension is equal upon botli parts of it, that 
is to say, on the two sides of the square, a b and c D ; 
consequently tlic horizontal aim or jib has no stress upon 
it, and serves merely to retain and steady the diagonal 
stiiy 1! c. 

if the fo.-it of the diagonal st:iy l)e lowered lo c, the 
thrust or compression, as comp;U'ed uiih tlie weight, will 
be as n G to u w ; and if the cliain from a to B be then re- 
moved, and the weight be suspended from the poiut B, the 
tension on the jib will be as a b to b w. 

But if the foot of the stay be raised so as to form the 
dif^onal b f, the thrust upon it will be as the line ii f is 
to B D ; and the tension on flie jib will be represented by 
the line e b. 

By dividing the line representing the weight into equal 
parts, to represent hundredweights or pounds, and using it 
as a scale, Uie sti-ess upon any other part may be measm-ed 
upon the described parallelogram. 

In Fig. 35, also, the angles a b e and b b o being equal, 
the cbfun or rope is represented by a b a, and the weight 
by w; the sbrese upon the stay, as compared with 
weight, isasBotoABorBo; therefore a slight rod of 
iron, extending isxtm a to b, is all that is necessaiy to steady 
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and retain the spur or strut, eo long as the chaui or rope 

holds good. 

In practice, however, it is not prudent to consider the 
cliain 03 supporting the stay ; but it is proper to disregard 
tlie chain or rope as fomiiug part of tlie system, and tlio 
I'r.iiio should be calculated to support the load independent 
of it. It is also proper that the angles on each side of the 
diagonal stay, in this case, should not be equaL If the 
side A B be formed of tension-rods of wrought iron, lower 
the point a so as to lengthen that side and decrease the 
angle a B E ; but if it be of timber, raise the point a and 
increase the angle : a little difference is sufficient to com- 
pensate for the friction of ihe pulleys, and, by sli^Uy 
tlirowing the preponderance of load either in tension or in 
thrast upon the side a b, the crane will work with less 
tremor than it might do if it were in a state of doubtful 
equilibrium when hoisting or lowering the weight suspended 
by the chain. 

Fig. 36 shows the parts composing the crane, arranged in 
the form of an equilateral triangle, in which the weight 
B D, the tension b c, and the tlu'ust a b, are all equal to 
each other, the weiglit w being suspended from the points. 

Fig. 37 shows a form of crane very gcneraliy used ; the 
angles are the same as in Fig, i35, and the weight sus- 
pended from it, being attached to the point u, is represented 
by the line b d. The tension, which is equal to the weight, 
is shown by the length of the line b c, and the thrust by 
the length of the line a b, measured by a scale of equal 
parts, into which the line b d, representing tlie weight, is 
supposed to be divided. 

But if B£ be the direction of the jib. then will show 
the tension, and b / the thrust, both of them being now 
greater than before ; the line b d, representing the weight, 
being the same in both cases. 

Fig. 88 shows the preceding figure, or framework, i-e- 
versed, and the weight suspended from it as before ; the 
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weight and the thrust are now equal, and the tension, in this 
instance, is equal to the thrust in tiie last ease, b d shows 
the weight, b c the tension, and a d the thrust. 

But, if the thrust be talten in the direction of the line 
11 e, then are both the tension and the thrust diminished, as 
shown bj- the pai'allelogr.im/ r. d ff. 

If the tension be taken in the direction of b h, the 
diininiyiied tension and tiirust, as compai-ed with tlie woight, 
are sliown by the two short sides of the parallelo^n'iiiii i b 
and D A, tlie weight, as before, being represent by the 
Ihic ]t D. Again, if t!ie tension be tal;en in tlii; direction 
B /, it fi)inis II straiglit line to tlie wt^ight, and no other 
iovcc, is cxcrtud, Tims, hy dividing Ihc lino that repi'e- 
fienls the weight into u scale of equal parts, the forces may 
be measured by it, tlie sliess on each part of the crane may 
be determined, and the strengtli of materials, proportioned 
to the sti'oss, may be calcidated. 

If the crane shown in Fig. 31, mstead of being secm-ed 
by pivots at top and bottom, were fixed in the gi-ound, in a 
well, or set in masonrj' up to the level of the line o d, 
without su])port from any pivot or faslening at top, then 
tlie weight w, dieting with the k-;ver:\ge c u, w^juKI tend to 
break the crane post at the point c, with the same eii'ect as 
if twice that weight wei^e laid upon the middle of a beam 
equal to twice the length of c d, the point c being at the 
middle of the beam which is supposed to bo supported at 
both ends ; the size of the beam, in all other respects, being 
tlie same as that of tiie crane post, and the depth being 
that of the line of fracture. 

Or the force exerted to break the crane ])ost, and the re- 
sistance to fractm'e, would be j-eprcsented by the weight 
(w), nnihipIiRd by 4 times the length of the lever, or 
line c D, divided by the depth of the post squared, 
and multiplied by the breadth of it, and by the number 
equivalent to the timber's strength (s), niak:ing such aUow- 
auces as are indicated by the character and condition of 
die wood, and the cii-cumstances incident to its use. 
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Os Chaixs and Bopes. 

Their Applicnfoii to Cnuei ud Hoiiting HachtnMijr, and relative Btnngtb. 
— Chtint. — Hemp Bopet. — Wire Bopn. 

Having detennined the greatest weight that a crane shall 
carry, and proportioned the frame of it accordingly, it is 
necessary to decide on the size of the chun or rope which 
will 8sf<^y susttun that w^ht, allowing also for wear and 
deterioration. 

Chiuns are now so well and accurately made, and their 
soondness and quality so readily ascertained by means of 
the " Testing Machine," tliat they are much used for crane- 
work instead of ropes, especially out of doors; but, as 
there are many circumstances in which it may be reqinsite 
to use xopes, it will be proper to show the strength of 
both. 

Oh^ns for cranewoi^ are commonly made with short 
links of an oval form, the links beh^ no longer than is 
necessary to peVmit the smith to use his tools for soundly 
welding the iron. 

Chain cables for ships are made with the links somewhat 
longer, and a stud or stay is inserted in the link across its 
least diameter, to support the sides and prevent their col- 
lapse under heavy sti-ain, thus giving great additional 
strength to the chains. 

The barrels of cranes should have a groove cut spirally 
or screw fashion upon the cylinder, just so wide as will 
receive the edge of the link, allowing but little liberty or 
play, and so deep that the iflat of every alternate link may 
bear evenly upon the cylindrical surface of the barrel. 

The practice of the author induces him to recommend 
that chains above an inch in diameter should not be 
employed for cranework, preferring chains of smaller size, 
say |, |, or | of an inch in diameter of the iron, and re- 
ducing the strain upon the chun by increasing the num- 
ber the parts that bear it, by means of blocks and 
pulleys. 
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Within eertam limits the strength of chains may be esti- 
mated in proportion to the squares of the iron's diameter 
of which they are made, and the same may be said of ropes 
measured by the squares of their circumference, which is 
tlifl general rule ; but it is obvious that, when they are 
made very large or very small, neither the quality nor the 
workmanship can be so well relied upon. Iron of large 
diameter is less fibrous and more crystalHne in the fractui'e, 
and the welding is more perfect in links of intermediate 
size. In ropes of lai^e size, notwithstanding the gieat 
improvements in forming the strands and laying them 
together by machinery, the outside yarns of large ropea 
are, of necessity, subject to greater weiir, and also to greater 
stress in work, by bending or coiling a piece of rigid cord- 
age. Therefore, although the square proportion may be 
proper as a rule for proof, it is prudent to make allowance 
for such circumstances in tlie employment both of chain 
and rope, and, in all cases, to make the pulleys of as large 
diameter as can conveniently be done. The strength of 
the short-linked chain without studs, which is generally 
used for cranes, as compared with the studded chain used 
for cables, ia nearly as 7 to 9 ; and it is, therefore, not 
prudent to subject both kmds to the same proof, when the 
soundness of the chains is tested. Taking chuns made 
of iron 1 in. in diameter as the standard, crane-chain, with 
short links, may be proved to 11 tons, and cable-chain, 
with studded links, to 18 tons, which is the Navy proof 
for iron cables. Both ^ixiAa may safely tie worked to half 
the strain to which they have been proved, but not to more. 

Chains, when tested, are generally tried at a me^n tenx' 
perature ; Hsfl atnun is steady, and the vibrataos cROsec^ by 
the blows o£, a woi^knian's hafnmer, ^veo; in ordier to detect 
imperfeet v^Ming of the lir^, 19 ^ no means equivalent 
to the jerks it vrill haye to. aistf^n vheo, e^oaecl, perhaps, 
tp a tempeEa$}ir9 below H^.^ ^^aqg pinnt, ^fi^ting the, 
strength of kqn as ijt does of all ciTstall^eiJ bodies. 

The ultimate, or breaking stndn of ehun-cables, ss com- 
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pared widi the Navy proof, is about 1-9 to 1; and, in 
proving chfUBS about an inch in diameter. It is found that 
oablss BtNtdt about 3 ft., and short-linked chain about 4 ft., 
in a Imgth of 1^ &thoma. The strength of a chain cable, 
as compared with that of iron bolts equal in section to the 
chain, is about 7 to 9. So much does the stud add to the 
strength of the link, by preventing its collapse. 

The following table is a comparison of sliort-liuked erane- 
chaina with ropes ; it shows the size smd weight of each, 
and the proof of tbe chain in tons. The ropos of the 
sizes given are considered to be of equal strength with Hie 
(dkuns, wbiish, being short-Unked. ftie made mthout studs. 
The ropes are made with the register and press block. 
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The rope of the above statement is such as is now 
generally made by machinery at most of the large rope- 
works, but was formerly known as " Patent Rope," in 
which every yam is made to bear its part of the strain ; 
but, if common hand-laid rope be used, the proof struu 
must be reduced one-fourth, and in actual work the load 
shoold not, at any time, exceed one-half the proof. 

The old ropemakers' rule was to square tbe girdt of the 
rope in inches, which, multiplied by 4, gave the ulttnutte or 
breaking strength of the rope ia handredwe^hts, and it 
was a good nilfr fat maaU corded, up- to T in. in urcioa- 
^renee. 

V a 
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Tlie square of half the circumference was considered to 
represent the weight of a fathom in pounds. 

There is considerable difference hetween the weight of 
common rope and that made by the register, alfliough the 
girth and the number of yams be the same in both, for 
lai'go ropes made by the oid method are about 7^ per cent, 
heavier than those made by register, and not so strong. 
The strength, also, depends very much on the quality of 
the hemp, while the durability of the rope, and, conse- 
quently, its trustworthiness in use, are greatly affected by 
the quality of the tar, some of which contains an acid 
destructive to the hemp, so that the rope may be rendered 
unsafe in ttiree years after it has been made. 

In the execution of important works, it is, therefore, re- 
commended that the ropes used sliall have been recently 
manufactui-ed ; that they shall be made of the best Peters- 
bui^h hemp with Archangel and Stockiiolni tar; that the 
yams shall be formed into strands, witli the register plate 
and press block, and the strands laid together by the strand- 
ing machine, so that every part of the rope may do its 
share of the work. 

The inventions and experiments of tlic late Captain 
Huddart, and of Mr. Chapman, have tended to make the 
use of such machinery so general, that there is no diificul^ 
in obfainuig the improved cord^e, and much talent and 
ingenuity, and lai^e capitals, have been employed to cany 
out and perfect their improvements. 

The following table shows die mean resolts of ttiree 
hundred trials made by Captain Hnddart It shows the 
relative strength or cohesive power of each kind of rope, 
takii^i as a standard of comparison, ^ of a circular inch, 
equal to an area of '078, or nearly ij of a square inch, 
which corresponds witti the old ropemakers' rule of dividing 
the number of pounds vhioh will break a rope by the^ 
square of its girth in inebss 

- It shows that ropes formed Yij the .warm renter are 
stroller than those made up with the yanu cold ; beoanae. 
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the heated tar is more fluid, and penetrates completely 
between every fibre of hemp, and because the heat drives 
off hodi adr and moisture, so that every fibre is brought 
into dose contact hy ttia twisting and compression of the 
strand; the lar thus fills up every inte^tice, and the rope 
becomes a fiimiy^glutinated elasdo substance, almost iin-i 
permeable to water. But, although rope so made is bo^ 
stronger and more durable, it is 1^ pliable, and, therefore, 
the cold registered rope is more generally used for crane- 
work, where the rope must be wound round barrels or 
passed through pulleys. 

A CraiPABurTB Tablb, 



Made by the old Method. 



Made by the It^lUer. 



























ix 


%h 


it 










lit 




1 




mu£ 


ill 


ill 


5£ 




ll 






















3 


095 


6050 


B61 


6030 


670 


7380 


936 


3640 


960 


3i 


1-11 


6784 


554 


3669 


707 


11165 


911 


11700 


960 


4 


1-27 


8768 


E4S 


10454 


653 


13108 


819 


15360 


960 


H 


1-43 


10308 


504 


12140 


614 


16325 


800 


19440 


960 


5 


1-59 


1S250 


S30 


1S775 


631 


20500 


820 


24000 


960 


H 


1-75 


um 


612 


18604 


614 


24806 


S20 


29040 


960 


6 


IBl 


18144 


504 


21616 


600 


24520 


820 


33120 


920 




2 '07 


20S33 


436 


23623 


559 


34646 


820 


40554 


959 


?' 


2-24 


22932 


468 


27342 


558 


401S8 


819 


47040 


960 


7i 

a 


2-39 


24975 


444 


30757 


546 


4S126 


820 


54000 


960 


2-H 


26880 


421 


32000 


500 


62480 


820 


61430 


960 



The proof-strain tor chain cables used in the Royal Navy 
is about 630 lbs, on each circular inch of the iron bolt of 
vrbich the chain may be made ; as, for instance, a chain 
cable made of 1-inoh iron contuns in one side of the link 
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8 X 8 = 64 cirenlar eighths, ^icih, being multiplied hy 

630 lbs., give 40,320 lbs., or 16 tons. 

In the succeeding table are shown the Navy proof foi 
cb^ cables ; tiie strain whieb will just break the single 
bolt of which each chain is made, when Hie iron is of 
average good quality, and t!ie ultimate or breaking strength 
of the chun. Also the size of hempen cables to which 
these chains are considered equivalent in strength, and for 
which they are substituted in praolice, with their weight in 
pounds per fathom of 6 ft. 

The table commences with chain made of |tlis iron, 
which is the smallest size usually made with studs, and 
ends with chain made of inches iron, the latest chain 
cable at present in use. 

Short-linked ehun, without studs, is seldom made larger 
"than 1^ inch, and generally not more than 1 inch, diameter 
of iron. 

The weights of the hempen cables are taken from Mr. 
Edye's tables for the equipment of ships of war, and re- 
duced into pounds, so that, by moving the decimal point 
one or two places, it shows at a glance tho weight of 10 or 
100 fathoms. 

For many purposes, and particularly for rmsing coal in 
large quantities from deep pits, Sat ropes are now used. 
They combine great strength with flexibility ; and, as the 
rope winds upon itself, like a ribbon, when drawing up the 
load, it forms a roller or barrel of inci'easing diameter, whilst 
the corresponding rope at the same time descendrng, un- 
winds &om itself, and lessens the diameter of the dromt so 
that the two ropes at all times balance each other. This is 
of much importance when a rope of great lengtli and 
weight is suspended in a deep mine ; and, were it not for 
such an airangoment, great mechanical power must be ex- 
pended in winding up the rope alone, or compensating 
machineiy of a onmbrona and expensive kind must ba 
used; whereas, maldi^ the bodies of the drums or 
barrels of such size at the oommenoement tliat thqr 
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shall be equal in diameter when the loads meet midway in 
the pit, the exertion of mechanical power is rendered uni- 
form and equable. 

Such fiat ropes are made by placing four round ropes 
Bide by side, and atitching them together through all, by 
machioeiy, into a flat band. Two of these ropes are 
twisted or laid to the right hand, and two to the left hand, 
so that the tendency to untwist is neutralised, aad the com- 
bined band rolls up straight and evenly. 

OinfFiBiim Tuu, 

Shoiriiig the Ve^t and Streagth of ObKu mi Hempen Chbles, the 

Cb$int lidng made witli StnA. 
The first ctdnmn ihoira the ^emeter of the iron finning the links. — The 
second the weight per bthonw-The thiid the nldmeta Mrengih of the Iron 
bolu.— The fourth that of the dwfau.— The fifth the diemnferanoe ininclie* 
of the nblei, foi which the dulm ate nbititnted. And the tizA the weight 
per &thoiD of the cables in ponndg. 
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Becently mxa has been used for making ropes, and fliey 
havd been found to answer the purpose very well fox wor^ ' 
ing inclined planes, and for nusing coal from the pit, as, in 
such cases, baxrels and pulleys of lai^ diameter ere appli- 
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cable ; but the rigidly of the wire rope v/Hl not permit it to 
pass frequently over pulleys of ordinary size without injury 
from repeatedly bending it in opposite directions. Tlie 
author has seen it employed with advantage where hemp 
ropes would soon have been cut to pieces, and where the 
weight of chains would have been inconvenient. 

These wire ropes were made by Messrs, B. S, Newall and 
Co., of Gateshead-upon-Tyne, in the county of Durham, 
who have drawn up the following scale of compaiuson be- 
tween wire ropes of their manufacture, and hempen ropes. 
It is also to be obser\'ed, that, by coating the iron wires 
with melted zinc, or, as it is sometimes called, " galvanising 
the iron," it may for a long time be preserved from rusting ; 
and it may be remembered that u'on wire of -["5 of an inch in 
diameter bears an idtimate strain of 30 tons to a square 
inch, which is greater than the breakmg strengtli of iron, of 
any otber form or section, subjected to tension. 



Showa the Circumfor^nce of Wire Ropes, their Weight per Pathom, their 
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The following scale shows the size, wdght, and strength 
of tlat wire ropes, and of equivalent Sat hempen rope^, as 
stated by the same malcers:— ^ 
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It has been recommended that, instead of using a single 
chain or rope of large size, several parts of a smaller one 
should, by means of pulleys, be made to sustain the 
weight 

It is an advantage resulting from such an arrangement, 
that the crane or sheers may be used with greater facility 
for lifting smaller and more current weights than their 
maximum load, which it is not often needful to hoist. 

Thus, by making the rope or chfun form part of the 
machinery, it may not only be less ponderous itself, but 
toothed wheel-woric of a lighter description may also be 
employed. 

Eeferringto the engraving of the 10-ton crane (see Fig. 12), 
itwill be observed that the occasional use of a single move- 
able pulley or " monkey block " in the bight or double of the 
ch^, doubles the strength of the chain, and the power of 
th e crane also ; the power guned being equal to the number 
of moving parts of the chain or rope wliich suspend the 
weight, and are shcnrtened as it is hoisted, or as Uie space 
through which the weight rises is to the length of lope 
hanle'd in. 

' The aigraviog of tho IS-ton (see Fig. 13), shows a gain 
oLS to. I ill power, tjur^ pjudley^ in ihft lower .block. 
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The upper btoe& has four ptdlejPB, bat one them is fbr the 
pnrpose of leading flie etam to the end of the jib, vhem it 
is made &st; so that this upper block may travel aloi^; 
tile jib as npoQ a i^way, without either hoistii^ or lower- 
ing the weight ; and it will also be perceived that machinery 
is attached to Ihe upper block, by which it may be made to 
trarerse inwards or outwards, by a man who stands upon 
the ground, and hauls upon an endless chun acting on a 
sprocket-wheel above. 

It is seldom ihe practice to gain more power by pulleys 
than 6 to 1, because it is inconvenient to place more than 
ttnee pulleys, .side by side, in the moveable block ; but, 
when it becomes necessary to gain greater power with one 
ptur of blocks, the pulleys are ranged in two heights, the 
upper tier of pulleys in the lower block being smaller than 
those in the lower tier, in order that the lopes or chains 
may work clear of each other. , 

In Mr. Armstrong's cranes, where _great power is applied, 
in the first instance, by water-pressure, moving only tlu'ougb 
a short space, pulleys are used for the opposite purpose oi 
increasing tho height of the lift, power being lost in propor- 
tion to flie distance through which the weight is raised, as 
compared with that through which the piston travels. (See 
Figs. 15, 16, &e.} 

The author has observed that crane chains, in constant 
use, undergo a change in tlieir internal structure; the 
iron, which was at first tough and fibrous, gradually be- 
comes hard and crystalline ; and ho has then found them 
liable to break; he therefore recommends that every three 
years they should be taken down and heated to a br^^t red 
in the fire, and slowly cooled in ashes, or sawdust, to anneal 
the iron. 

The Machihert of CiiiNES. 
Wbwll — their Propoitiim aai. Teeth — Cjcloidai, Involute. — FrobMor 
Villii'i Teeth.— Aslef and BureU, be. 

In order that the power applied to cranes may be em- 
ployed with the greatest effbct, it is neoeBsarjr tliat the 



OIT TBX CONSIHUCTION OF CBAKEa. 107 



vheehrm'k Bhall be properly designed and executed, othex- 
vise power is expended to no purpose. - 

This power should be so propOTtioned to the woik to be 
dwe, tiut, if "'^»«*tttl labonr be used, Ihe men BhiJl exert 
due disposable strength npon the -work, at the speed of S30 
feet per minute. If the power giuned be too great, time is 
lost; if too small, ^ men's strength is overburdened, fmd 
ereittaaUj oveieoine; the -work is too hard for ttiem, and 
thcf must pvB it up. The radius of the winch, or handle, 
should not be less tftan 15 inches nor more than 18 inches, 
vaiying with th^ size of the men to be employed ; 16 or 17 
inches being the best average for ordinary labourers, and 
the hMght of the axle from the ground should not be less 
than 3 feet, nor more than 3 feet 3 inches. The best aver- 
age is 3 feet a inches for the muscular exertion of a middle- 
sized man, and the pinion on the axle of the winch may 
have &om 8 to IS teeth. The pitoh of the first motion- 
wheels may be 1^ or 1^ inch, and their width from 3 to 4^ 
inches. The pitch and strength of the succeeding wheels 
must be proportioned to the stress which each has to bear, 
the stress increasing as power is gained by the wheelwork. 

The power g^ed is thus calculated. In the 5-ton craAe, 
the handles or winches have a radius of 1 7 inches, and the 
semi-diameter or radius of tbe barrel, measured to the 
centre of the chain rolled upon it, is say 8 inches. The 
load, 6 tons, is equal to ll.SOO lbs., and the wheelwork is 
as under, namely — 

The first pinion, 4^ indies diam., II teeth 1^ pitch, 

wheel, 3 feet „ 89 „ 1^ ,. 
Second pinion, 0 inches >, 18 „ 1^- „ 
wheel, 4 feet „ 96 „ 1^ „ 
Barrel 8 x 11 X 13 X 11200 lbs . _ 30800 
Winch 17 X 89 X 06 X 4 men ~ 1513 — ^^'^^ 

which is ttie statioal reaistance against each of the four men 
. at the crane handles. 

If this crane were constantly employed in liftii^ weights 
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of 5 tons, the macbineiy Trouldnot ba sufiieieutly powerlUl, 
and the men would be overworked; but as it stands on a 
wharf to land and deliver general goods, irtiioh sddom 
weigh more tfiau a ton, and rarely exceed 35 cwt., it is gene- 
rally worked by two men, and the statical resistance to each 
man is from 10 to 13^ lbs. When a load of 5 tons comes, 
the additional force of two canal boatmen enables the crane 
men readily to OTercome a resistance of 30 lbs. for a sin^ 
lift. 

The packages, however, being chiefly about 4 ewt, the 
mnc^ is transferred to the axle of the second pinion, and 
the first is disengaged ; the combination is then 

8xl2x448_2a4 
17x96x2 17' 

- or 18 lbs. for each man. 

The diameter of the wheels should be large, as com- 
pared with the axles and barrel, in order to avoid loss of 
power by iiiclion, and the necks or journals should have 
sufficient length, say IJ times to twice their diameter, to 
preserve tliem from wearing or cutting, which is a mis- 
chievous expenditure of power. 

The diameter and length of the barrel should be so pro- 
portioned to the lift of the crane that the length of the 
channel, cut like a square-threaded screw upon its surface, 
may be equal to the length of chain to be wound upon it, 
so that the latter part of the chain hoisted in may not ride 
or roll upon tiie first part ; and the diameter of the barrel 
should, in any case, be such as to prevent any bending 
action or tendency to distortion of" the links, as they apply 
then' fiat sides to the eylindricdi surface of it, while the 
edge of every alternate link is received in the spiral groove. 

If the edges or circumference of the pulleys be turned 
with a narrow groove in the middle, to receive the edge of 
the link while the fiat of the alternate links rolls upon the 
pulleys, which should be turned, bored, and run upon a 
steeled or hardened pm, the chain will be prevented ftom 



Digilized by Google 



OH THE COKSTBronOH Off ORAHES. 



109 



twisting, and iriU. work almoBt as smootlily as a leather 
belt. 

The diameter of the tooOied nheeL i^on the barreL-axIe 
most be detennined by the ciFemnstaDces already stated, 
care being taken to make It as great as the; may conve- 
.niently admit; the dimensions of the wheels of Ihe fi-ton, 
10-ton, and 15-ton cranes are good practical examples ot 
proportion in similar cases. 

In proportioning the diameters of axles, regard must he 
had to their lengtli, to the diameter or radius of the wheel 
01- lever to which the force is applied, and to the weight or 
stress at the end of the lever. 

It is important that no practically sensible twist or torsion 
should take place in the axles, and it ia found that the full 
force of four men (say 120 lbs.) may be exerted at winches 
having 18 inches radius at the ends of an axle 2 feet long 
and 1^ inch diameter, without practically causing it to 
spring by twisting. 

As a bar of iron subjected to twif,t is, in tliat respect, 
like a rope, the number of twists, and consequently the 
angle of torsion, will be directly proportionate to the length 
of the axle, to tlie radius of the lever that twists it, and to 
the weight or stress at the end of the lever. 

And, as the springing of the axle by such twisting is 
radial deflection, the angle of toi-sion formed by tlie lever 
is, inversely, as the fourth power of the axle's diameter. 
The ultimate strength of axles is as the cubes of their 
diameters. 

All pivots or jouniiils subject to lateral stress should have 
their diameters in proportion to the cube roots of the 
weights upon them, and, for lai'ge pivots made of cast-iron, 
the cube root of the stress in hundredweights may be 
taken as the minimum diameter of the neck. 

Thus, if one pivot or journal of cast-iron sustain a stress 
of 5 tons, or 100 cwt, the cube root is 4-64, and the dia 
meter in inches must be 4f or 6 inches. 

But, if the neoh or pivot be of «rought-inm,.the{)zDp(»"' 
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tionate straagth, as compared mOi oast-iroo, is 14 to 9, or 
100 to 84, the cube root of which is 4, flie least diameter 
in inches which it is prudent to make a wrought-iron pxTot, 
to C8IT7 6 tons ; as, for instance, at the end of a crane 
barrel: say, therefore, 4^ in. These beaiings susUun no 
twist 

Very fbw experiments have been made on the resistance 
of metalfl to torwon, especially on their elastic resistance. 
The best are flioae of Mr. George Remiie, who foond that 
oastjron bars, 1 in. square, were broken by a mean wei^t 
of Sll lbs. at a radius of S ft., which twisted the bar 
asimder dose to the bearing, so that the broken bars may 
be considered aa having no length. These eajieriments, in 
many respects interesting and valoable, are not appUcable 
to the present subject; but, from the data hare given, it is 
hoped that no difficulty will be found in assigmi^ to each 
axle and pivot ila right dimensions. 

By the pitch of a toothed wheel is meant the distance 
from centre to centre, between two teeth mestsured upon 
the pitch line, which is the circle drawn through that pcunt 
where two wheels, working together, come into contact with 
each other. 

The widths of crane-wheels are from twice to three times 
as much as their pitch of teeth, that is to say, a wheel of 
l^inch pitch is from 3 to 4| inches wide upon the face. 
The pit<ii is determined by the stress to be borne by the 
teeth ; and it is important that every tmgia tooth shall be 
fully capable of supporting the entire strain to which tiie 
wheel may be subject 

The strength of the tooth is calculated as that of a beam 
or lever fixed at one end and loaded at the pitch Ime, that 
is, about three-fifths or two-thuds of its length from the 
root of flie tooth, where it may be said to grow out of the 
peripheiy of the wheel ; for, although three teeth may be 
engaged at the same time, it is impossible that they can alt 
be in perfect contact with their fallows, even with the best 
wmfkmanflbip. 
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This is a point which shoald never ba neglected or left 
to suliOTdinates, who are too apt to take such models as the 
ironfoimder happm to hare bjr him. The ^ine (tf 
a tooth may strip off oQters, and Hie wheel be brokmi, so 
that serions and &tal accidents may arise from Btioh an 
oversight. 

The next oousideraUoa is the form teeth best adapted 
far crana-iK^ieels; but it is to be obserred that fbB thiofc- 
ness of the lim on^t to be at least equal to that of the 
tooth, and be strengthened bf a rib equal in section to 
a tooth; that the arms, at their point, should at least 
be equal in section to the rim; that tbey should be 
placed in the middle of ibs wheel, and be feathered on 
bo(b sides. 

Of the various methods which have been used to deter- 
mine the forms of teeth for crane-wheels, the author has 
generally employed the epicycloidal cuiTe produced by 
rolling a circle equal in diameter to the radius of the 
pinion upon another circle equal in diameter to the radius 
of the wheel, the diameters being taken at the pitch lines, 
which are the circles described by the wheel and pinion at 
their point of contact. 

The ounces so struck, commencing at the pitch lines, 
form the points of the teeth. They are struck in opposite 
directions, the space between their starting points being 
the thickness of the tooth; and from these two points 
radial lines' were drawn to the centres of the wheel and 
pinion, which formed the sides of the teeth included be- 
tween them, within the pitch line. This form, it will lie 
observed, made the tooth smallest at the root by the con- 
vergence of the radial lines, and consequently tended to 
weaken it; this was remedied in the pinion by casting a 
plate upon the teeth, which, formmg part of them, served 
not only to bind, as it were, all the teeth together, but to 
strengthen the body of the pinios, peribrated and weakened 
by the axle pasung Oirough it. 

The roots oi the teeth" npm thewheel were stroigUiened 
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hy small angle pieces, for -nhich space was found vtthout 
curved line described by the tooth of the pinion. Such 
teeth worked freely and equably togeOier. But it will be 
observed that the side of each tooth of the wheel consisted 
pax&y of a radial line, partly of an epitgrcioidal curve, and 
partly of anch a concave angle piece as mi^t be found to 
dear the pinion ; and it will also be observed that the 
vhed and pinion vrere adapted to each other; consequentljc 
another pinion, differing much in ^anieter fiom the first, 
would not act well, or, as a workautn would say, pleasantty, 
with the same wheel 

Professor 'Willis, of Cambridge, has recommended a 
mode of forming the teeth of wheels by which this incon- 
venience IB obviated. It was well known that the teeth of 
wheels, struck by the involutes of circles corresponding 
with their respective wheels, would work correctly with any 
other wheel of the same pitch made with involute teeth ; 
but the obliquity of these teeth is often very inconvenient, 
although the writer has used them advantageously, when, 
bom peculiar circumstances, as m rolling mills for making 
hea'vy bar iron, rails, &c., the wheels have, at times, more 
or less hold of each other, and the teeth work deep or 
shallow in gear. These teeth are struck by un\dnding a 
string or ribbon from a roller, equal in diameter to the 
whed, and describing the tooth byatrachig pomt at -the 
end of the string. 

The obliquity of teeth of the involute shape rendere 
them useless for cranework, owing to the thrust caused by 
it, which tends to force the wheels asunder, and throws 
undue stress upon the axles and bearings. 

The writer can state, from practice, the superiority of the 
form of tooth recommended by Professor Willis, which is 
thus produced. 

If for a set of wheels of the same pitch a constant de- 
scribing circle be taken £6 trace those parts of the teeth 
which project beyond each pitch line by rolling on the 
exteriot circumference, and those parts which be vitluti it 
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by rolling on the interior circumference, then any two 
wheels of the set will work correctly together. 

The describing or " Pitch Circle " should be equal in 
diameter to the radius of the smallest pinion, which, in 
this case, should not have less than twelve teeth, ^^'hen 
rolled upon the interior circumference of a circle equal in 
diameter to the pinion, a point upon the peripheiy of the 
pitch circle will dcHcrilie radial lines through the centre of 
the larger circle representing the pinion, which is twice l^e 
diameter. So thiit the form of the pinion teeth wilhin the 
pitch line may be iit once drawn in straight lines from the 
centre. 

When rolled on the exterior circumference, epicycloidal 
cun'es, forming the teeth of the pinion beyond the pitch 
line, are described by the tracing point. 

But, when these operations arc performed by rolling the 
pitch circle upon another of much larger diameter repre- 
senting the wheel, the interior and extei^or epicycloids 
form a tooth of very different shape: it is no longer con- 
tamed within radial lines, but spreads out at the root, 
giving great straogth and fimmess at the point where they 
axe most needed. The exterior ein<!}roloid forms the point 
of the tooth in a manner similar to that described in the 
first instance ; but any wheel or pinion having teeth de* 
scribed by a oommon pitch circle will work together ; even 
the t«eth of a lack. which, being placed upon a straight 
line, may be regarded as die segment of a wheel of infinite 
radius, can be formed in the same manner, and will work 
equally well with the wheels. 

Frc^essor Willis has introduced another form of tooth, 
excellent for heavy machinery revolving always in the 
same direction, as the vrriter has experienced in practice, 
but not applicable to the wheels of a erane vMch work 
both ways round. To enter finiher into this subject would 
be to pass fiie limits of this work ; but &ose who wish to 
do so may refer to Professor T^is's treatise on this sub- 
ject, and to bis paper in the Second Yolum^ of tbe Trap^ 
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BOtious of the Institution of Civil EnginecL-3, For the 
various other modes of striking the teeth of wheels they 
may consult Practical Essays on Millwork, edited by G. 
Bemiie, Esq. 

Professor Willis has also constructed an ingenious and 
useful instrument for striking the teeth of wheels with 
greater Ausilil?, which he has named " the Odontograph 
it is made both in card paper and metal, hy Messrs. Holt- 
ziipfel, of Oharii^ dross. 

Or XES VoUSDiTlOSB AKD MaSONBZ FOB FmHS AKD 

SxauBJua OsAma, Axo BsEXBEitroB to tabious Books 

AKD AdTHOBS fob HOBB OOKPLKTB AND DBKAILBD InfOB- 
KAHOH. 

Havmg thus briefly noticed the different parts which 
compose a crane, it is requisite to add a few words respect- 
ing the foundation for it, and the means of securing it to 
masonry, or buildings, or fismework. 

Referring to Fig. 89, nrluoh shows Che foundation fat flu 
1 0-ton crane, it will be seen that a mass of stonework forms 
the counterpoise to the suspended load; tiie Strong cast* 
iron cross, into which the crane is stepped, lays hold of die 
masonry by means of the holding-down bolts and washer^ 
plates, and, as it were, grasps the whole block. Beokontn^ 
flte wei^t of tbe masoniy, a %ht limestone, at the rate of 
16 oubie feet to the ton, the diameter at 16 A., and the 
depth 6 ft., the mass will weigh about 60 tons. The eetilxe 
of gravity coincides with that of the orane-post, and th« 
jib may be regarded as a lever, the fiilermn of which' ia 
placed under the end of the cross, 6 ft. from the centra of 
the mass. The sweep or radius of the crane being ft, 
the arms of the lever are as 19^ to 6 ft, the lot^est arm 
loaded with 10 tons, plus the projecting jib, puUtsys, and 
chain, or about 2 tons more, gives the following statement, 
namely — 

As 6 ft. : IS^ ft. : : tons : S4 tons, 
the w^|ht required to balance the cnme. . 



lit 
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But the crane and its load must not only be balanced, 
but firmly held, Trithout risk of disturbing its foundation ; 
and, taking into account that the chain is sometimes car- 
ried beyond the perpendiculai- line, the weight of masonry, 
80 tons, is not in excess. A marine engine boiler, wedged 
by its own weight into a narrow boat, or some similar over- 
sight, sometimes doubles tlie load, and it is needless to say 
the crane is not calculated for such a strain; occun-ences 
of tliis kind must be anticipated and provided for, or 
fatal accidents may ensue. In like manner, when cranes 
are attached to buildings, care must be taken that the re- 
sistance shall more than countci'balance the stress ; and, if 
there be not ample weight and mass to do so, wronght- 
iron ties should be extended to lay hold of some furthei- 
counterpoise. 

Enough, perhaps, has been said on this point to warn the 
young practitioner agunst taking it fur granted that build- 
ings and roofs are secure, under such circomstances, with 
out making careftil and minute examination of thequanUty, 
weight, and posidcoi of tbo resisting materia - 



For information on tiie man&fiiotare of ropes and cables, 
he is referred to the " Frofessbnal Papers of the Boyal 
Enghieers," Volume fith; and for their proportion and 
ad^tation, to the caletilatioBs made in a very elaborate 
wort, by John Edye, Esq., Asfflstant Surveyor of the Na^y, 
entitled, "The EqaLpment and Displacement of Ships of 
War." 

The "Professional Papers cHf the Boyal lEn^eers** con- 
tiun many impwtant and interesting notices of the appli- 
cation of cranes and hoisting madiineiy, as, for instance, 
that of &e tjareUing crane, with its taclde and framing for 
woridng the Diving Bell, in Volnme Ist, and for the Ilftmg 
and transport of heavy limber at Ohatfaam Dockyard, by 
Sir Maiii Isambfurd 3nmel, in Tolqme 6tbt besides many 
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other cases, given in all their details throughout others of 
these volumes, wliich manifest the skill and judgmeot of 
the officers of that distinguished corps in their adaptRtion 
and use of mechanical means in the execution of works of 
utility as well as iu military operations. 

Buchanan's "Essays on Millwork," edited by George 
Eennie, Esq., and the papers of Professor Willis, already 
mentioned, are worthy of more especial notice ; since it is 
rarely the case that persons so much occupied as these gen- 
tlemen are, either can or will devote their intervals of lei- 
sure to works on mechanical subjects. 

The author lias to express his thanks to several gentle- 
men connected with Government works for facts kindly 
communicated, and to the manixfacturers of ropes and chain 
cables, who, without exception, liberally answered such in- 
quiries as were made, especially to Joseph Crawhall, Esq., 
proprietor of St. Ann's Ropeworks, Newcastle-on-Tj-ne, 
whose extensive establishment contains a variety of in- 
genious mechanism, which it would be difficult to siupass, 
in the uniformity and excellence of the cordage it pro- 
duces. 

He is also greatly obliged to Messrs. Fow and Eawcus, 
chain cable-makers and anchorsmitbs of North Shields, 
successors to Mr. Bobert Flinn. The iron prepared by 
that gentleman for making harpocms for the Northern 
Whale fishery has probably never been excelled iu tenacity 
and strength ; ^e shank of the barbed weqmn was ofisn 
heat into all forms by the exertions of the wounded 
whale, whose capture depended upon that slender rod of 
iron. 

Messrs. John Abbott and Co., of the Park Iron Works, 
Qate^ead-on-Tyne, kindly offered to make any experiments 
on chains which might be thought necessary; and Mr. 
'William Oeot^ Armstrong, of die Elswick Wodks, New- 
castle, readily supplied dramnga and details of his poweiAil 
water eranes. 

. This woric has been written, in such intmals of profes- 
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aional engagement as presented themselves, from a wish to 
diffuse information respecting a class of machinery which 
the author has had constantly to employ and to construct 
for many years past; and also to second the views of the 
publisher, by contributing to a scries of books for begiimeis, 
to he published at a cheap rate : for the first of these 
reasons tlie work will be found unequally written, and, for 
the last, it has been written almost in the same conversa- 
tional mnnuw in which he has be^ used to address his 
pupils and asBistants. 



REFERENCE TO THE ILLUSTRATIONS. 

FiyErTiiD dRAKE. — This ia shown by a Side-ElavalioD (Fig, 11), and & Bock 
View (Fig- 11 a), and the mechanism maj bs detciibed M bllowi: — 

A, the princiinl Wheel, Ried an the bociel-axte, i* in diamatar t and hu 

96 leetb, 1} b. pitch. 

B, the Pinion, 6 in. in dian., 12 teeth, 1) In. pitch. 

a, the Wheel on SMond HoliaD, 8 ft. } 80 tarth, Ik in. pitdi. 
s, the Pinion, or WiuelHuIe, 4^ in.; 11 teeth, l^In. pitch. 
B, the Friction, or Brake WheeL 
w, the Barrel. 

a, Chiide-roUen for the chean. 

H, the CoUai, fitted with anU-frietion lolters. 

TsK-ToH OuNB, alio similarly shown (Pig. 12), hu tbe wheel-work pro- 

pralioned M follows : — 
The principal Toothed Wheel, mounted on the bonel-aile, is in diameter 

4 ft. g in., with 92 tccib, 2 in. pilch, and 4 in. broad. 
Finian, working in do., 7 in. ; 11 teeth, 2 in. piteb, 4i in. broad. 
2nd Motion Wheel, do. 3 ft, ; 72 teetb, 1^ in. pitch, 3 in. broad. 
IsC Motion Pinion, do. 6^ in. ; 12 teeth, 1} in. pitch, 81 in. broad. 
Machinery tor turning tbe Cranss; — 
Wheel on Crane-post, 2 ft. 8 in. ; fi2 teeth, 2 in. pitch, SJ in. broad. 
Pinion wotking in do. 7 in- ; 11 teeth, 2 in. pitch, 3] in. broad. 
Bevel-wheel on same axl^ 1 ft. 4} in.; 82 teeth, IJ in. pitch, 8 in. broad. 
Do. Pinion working in do., in. ; 12 teeth, 1 j in. ^tcb, 8 in. broad. 
FiFDtEK-ToK Caxhh (fia, 19)) with hoiiiaiital jib ud tavcrriiig Uo^ 

has tbe wheelwork tat maa a* the teD-ton cmi^ bat additional powei 

is guned by the blodu^ part «C whidl illettbythe InsAaMidiUMtH 

of the barral. 

The machinery of tbe Traverse-Qear tor mo^ng the bloeka it — 
a Toothed Wheel, diameter 2 fL 6 in. ; 72 teeth, li is. pilch. 
F, Pinion in do., diameter i{ in. ; 10 teerii, 1^ in. pitch. 
Sprocket or chain nheel, 2 fL 6 in., worked by an cndleaa cbun. 
.BHUBaaK Soux of Dbuiu of the fifteen-ton Orone ihowa a ffide View 
of Ac GtiUa-IMleE: of tlw ^voting BMlt,iipaa a portfui a* tht 
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GnuifrJib ; a Kctiini of the Cmn^ib, Gaida Bolter, TraTerw PiiiioD 
and Back, with other part) of ths MachiaeTj of the Travene-CNar for 
moving the Blocke along tha Jib. 

Thb TBATBLiiUfa Crakb (Pigs. 14 a, 14 b, 14 e, 14 d) is shown by an 
End Elevation, Side Elevation, and Plan ; and also by a viev in Fer- 
ipective, representing the Orana in nork, at used for Stacking and 
Moving Heavy Haterials. 

Tbx Water Ckarsb shown in Fig. 16, &c.,are Two Self-Acting Machines, 
designed bj Mr. Armstrong, and are copied from hia drawings. They 
represent a Wharf Orane, simitar to that on the Qnay at Newcastle-on- 
lyne, and a Warehouse Crane, resembling those erected at the Docks 
in Liverpool, worked by the praisnre of a column of water descending 
from a high Besetvoir, The detaila of these are fnlly given in the 

Thb Mastiho SHEBRa at Her Majesty's Dock-yard, Woolwich, designed by 
the late Oliver Lang. Esq., the Master-Shipwright, are represented on 
a small scale (Fig. 32); but the fallowing references give the dimen- 
lions of the Spars which are used to form these powerful Sheers — 

A is the Most, 44 in. in diameter, and 134 ft. long; it Btanda 114 ft. 
high above the Wharf, and \» stepped 20 ft. into the mawmry. 

B, B, the Sheers, 23 in. in diameter, and 132 ft. long. 

a, 0, the Sprits, 24 in. in diameter, and 186 ft. long, 

r, D, the Caps of the Sheers, 102 ft aaunder. 

B, B, the Feet of the Sheers, 26 fi. apirt. 

B, s, the Wharf Wall 46 ft. thick at the top. 

Q, a, Wmv^t-Iron Braces. 

H, tha FlBg4tal^ 44 fL long. 

DuoRUu BHOWIKS TSB Stress on the different parts of a Crane. The 
vuioiia forms which may be given to Crnnes, according to the purposes 
for which they are intended, or the sitnationa in which they may he 
fixed, are shown in Figs. 84, 86, 86, 87, 38, and a simple mode of 
Heaaniing the Stress, by a Scale of equni parts, upon the Parallelo- 
gtamt into which the forces are resolved, is explained at length in tha 
text. 

Vomiumnre USJ> Uasombt for fixing and securing Cmnes. Fig. SB shows 
the UMonty uied for the Ten-Ton Cmnes as erected at Sleaford for the 
Oaual Company, both m jSactkus, showing the Ciane-fbot with its Onus, 
Holding^own Bolts, and Washu^plate*; and a Ptant, ahciwing diflhrent 
Conrsei of the Stoneworii. A icala ii attaahed, &nn vUch the paiti 
may be measnred. 
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lo demy ISino, In cintli. price la. 6d. 

UDIMENTARY.— S6', 87*.— ELEMENTS OF 
ALOBBBA, TUtif M tbe, by Vioi, YOUHG. 



KUDmENTART.— 88, 89— EI^afENTS ' 
GEOUETET,byHSNBX'I.AW,aa STOU.I11I. 



iDdunviaiuo.vWi Woodsiiti,d«tb,iwiM ti. 

RUDIMENTABT.— 90.— QBOMKraiY, ANA- 
LYTICAL, by Fror. JAHBB HAMH. 



!mo. with Woi>deat«, dotti, W 

RY. — 91, 92. — Pi 

SFULlilCAI. TUlGONOMETRY.bytheM 



UDIMENTAEyT^M^°MENs'u^ by 

T, BAKER, C.E. 



UDIMENTAEY. — 94, 95. — LOGARITHMS, 

' TiblM fiir rRCiliUrtns Aslnmnniksl, N'miticul, TrigonomBtii- 
uu.tnil L^'nrltlimlc Cnlci]1ii1lanfl, l>f II. LAW.C.t:. Ii'e<r EdICIon, 
with Tables of Huant Sines and Tancenti, and Mstuial CoainsB. 
3 Tola. in I. 

In dtimy lamn, Willi Woodcuts, plofb, prica Is, 

RUDIMENTARY.— 96.— POPULAR ASTEO- 
NOJiy, By (ha Rov. nOUERT MAIN, M.li.A.S. 



RUDIMENTARY. — 98, !)8'. — MECHANISM 
AND PRACTICAL CONSTUUCTIOPJ OF MAClIINi;9, 

Jr T. BAKER, and UN TOULS AND UACUINE3, by 

AHBSNA9HYTH,C.E. 



In damy ISmo, wilh WoodentB, cloth, mice Sa. 

UDIMENTARY.— 99, 100.— NAUTICAL AS- 

■ TRONOMY AND NAVIGATION, by Prof. YOtTNG. S 



"D UDIMENTARY. — ' 100*. — NAVIGATION 

J-*' TABLES, cnmiiilcd for praccicnl uso wkh (hf. above. 

UDIMENTAii\^ ^ibT'— 'differ 

CALCUI-L'3,1>7 Mr. \V()OI:IIOUS;E, IMt.A.S. 
John Weale, 59, High Holboru, London, W,C. 



R' 



JlJE. WEALE'S BTJDIMENTARY SERIES. 

In deiDT 12mo, cloth. pricB U. M. 

EUDIMENTAKY. — 101 •. — WEIGHTS AND 
HEASUKeSOF ALL KATIONR: Wi^i|;lilH, Coliia, Mid the 
vuisDB Divisions of Time, with tlm t>''in<^i>'l"-' '"''"'^ detsnnlna 

Hrtwof Eaiih>nga,br Mr. WO^iLHOUSK. VMA -H. 

In demy iimo, in elotli, priw la. 

pUDIMBNTABT.— 102.— INTEGRAL CAL- 

■f* Ctn.U8.bTH.CQX. M.A. 

Id iamy I9mD, in alolh, prloa la. 

■RTJDIMENTAEY.— 103.— mTEGBAL CAL- 

J.V CDLDS, EzuDBlesnfLbr Prof. JAMRSH ANN. 



. In demy Umo, otMb, prloo fn. 

ptmiMENTART.— 104. — .DIFPERENTIAL 

J-^ CALCULUS. Eiampleg nf, by J. HADDhiK, H^A^ 



'!_rri'rr— ''\wyE13R,\!' GEO- 



-SHIPS' ANCHORS 



- METROPOLITAN 

iiirKliin, will. N<Iis, nnd itit 
or bupL-lyliig of (isa 10 lha 



Ib demy 13mo, oloth, prtD*lB.M. 
piTDIMENTARY; — 109. — LIMITED LIA- 

-I-*' BII.ITY AMD PARTNERBHIP ACT3. 

In demy lamo, doth, prteo Is. 

RUDIMENTARY.— lie— SLZ RECENT Le- 
gislative E.N-ACTMENTS, tor CootrMi " 



RUDT^r h-.N'i'A li y: —"'I'lT— "'nuisances re- 
.MU\'.\1, ANIi Ul.^KA^E ritEVf.NTION ACT. 

RUDIMENTARY.'— 112!— DOilESTIC MEDI- 
CINE, FREdERVma HBALTH. by M. RASPAIL. 

Id duuy 13m<k clotb, prtee Is. 01. 

RDDIMENTARY. — 113.— USE OF FIELD 
ARTILLERY ON SERVICE, by LiEu(.-Col. HAllILTOH 
KAXWK I.l.. n.A. 

X) UDlVlV;'NTri;y'.~\"l4?i^UN\YAU!lINERY : 



Digmzed Google 



WEALE'S EUDIMENTAilY SEBEBS. 

In demy 12aio, »Uh WoodciiH, cioth. price Is, Bd. 

pUDIMENTABY. — 116. — TREATISE ON 

J-V ACOUSTICS: The DlBlribuiion oi Ssuml, by T, BOQES 
8HITU, Archtuct. 

In flmiy ISmn, wiih V 
DIMENTAET.— : 

' BUSVEYING, RANOINO THE LINE WITHOUT TBK 
MAOHBT. Br THOMAS PBNWIOK, Cod Vfaw. ■Wlhlm- 
pTOTSDiBDli and Modem AddtllODBllr T. BAKER, C.G. 

In dsmy 12mn, with PlitPB Bnd Woodents, cToih, orica Ba. 

EUDIMENTAEY.—llS, 119.— ON THE CIVIL 
ENGlNEIJKlNy QP NORTH AMERICA, by D. STEVEN- 
SON, C.B. 3yalj.ini. 

In a^my Umo. with Woodcnta, clnlh. price 3s. 

■DUDIMENTAEY. — 120. ~ ON HYDKAULIC 

ENGlNEEhilNG.by a, It.BURNEI.I,,C.E. 2vol5.ini. 



In rtemy limn, by PAUL FKISI. in cl"lb, nrico 1=. 

ETJDIMENTARY.— 122.— ON RIVERS THAT 
CARKY SANO AND Mlin, and sn ES9AV ON NAVI- 
GABLE CANALS. 131 and 122 hound lng«tber, 2?. 61. 

OUDIMENTARy!— 123.''— ON ''cAI^ENTBY 



Id dsmy 4I«, olwli, price 4*. 6d. 

RUDIMENTABY^iaS*— ATLAS of PliATES 
fn detillto Iba OABPEHTftY AND JOINERY. »8 ttid 
MS* bound tngfthertneliithlnl Tol. 

In dsmj ISmn, wHh Woadcnta, olo'K prtoe li. 86. 

pTTDIMENTABY,— 124.— ON KOOtS FOIR 
-l*' PUBLIC AND FBITATE BDILDlNGa, fOnnded OB Dr. 
Koblson'B Work. 

In ronl Ua, elotb, prim tB.61. 

PUDIMENTABY.— X24*.— EECGNTLY COK- 

J-fc BTRUCTED IBOS RO0F3, AU»i nf ptotea. 

In demy tSni", vlUi Woodonta, cIoQi, piiog Si.* 
PTJDIMENTAEY.— 125.— ON THE COTJBTJS- 

IX TIOS OF COAL AND THE PBEyBMTnK OP SUOSE, 
Ohamhwllv uut Pnwtloelly Conalderad, bj CHARLES WTB 
W I L LTAm S. 

In diimr ISniD, Binih. ISSmd 190 toeether, price 8s. 
p DDIMENTARY. — 126. —ILLUSTRATIONS 
■IV to W 



TTDIMENTARY. - 



HODELLISC. 

John Weate, GO, nigh IIol bom, London, W.C. 



DigtlEzed by C' ^ 



j^jK. WEALE'S RUDIMENTAIIY SERIES. 



lodBiay latno, ivKh Eugfttvinga and Wtimlcuts. 

EUDIMWTARY.— 12?. — TUE TEN BOOKS 
OF M. viriirvR-.-i ON civi(„ .military, and 

MAVAL ARUH[TC1,-Ti;i;i:, ti-.iri.l;L-."l l.y Jiisiieil awiLT, 
Arch, i vois. la 1. 



In demy 12ioo, 128 aud iiO t igelher, clotli. pricn Sa. 

RUDIMENTARY. — 129. — ILLUSTRATIVE 
PLATES TO VITKUVIU3'S TEN BOOKS, by thsAalhor 
aal JQ8EPH GANDY. H.A. 



In demv 12ma. cloth, price la. 

RUDIMENTARY. — 130. — INQUIRY INTO 
THE FBIMCIPLES OF BEAUTV IN GRECIAN ABCHI- 
TBCTDRE, br Uie Right Uon. the E&il aC A UEBDEEK, Ao. At. 



In demy 12mo, dutb, price la. 

TJUDIMENTARY. — 131. — THE MILLER'S, 

-Lk HERCHANT'S, AND FARMER'S READY RBCKONBR, 
fbrueerlbinlDg at Sight the Value of any quantity of Com ; toge- 
ther with Ihe approilniata valua of Mtllmoneg and MBIwork. 



In demy IZmn. with WoodeaU, cloth, priM 9«. Bd. 

•DUDIMENTARy.— 133.— teATISE ON THE 

■LV, ERECTION OF DWELLINO HOUilES. WITH SPECI- 
FICATIONS, QUANTITIES OFTHGTABIODS HATEKUJ.B, 
*e, by 8. H. BSOOKB, Atehllaet. 87 Plutea. 



RUDIMENTARY SERIES.- ON MINES, 
SMELTING WORKS, ASD TUE MASUFACTUHB OB 
HETAL8, aa foUowa. 



In demy ]2ma, with Wood c.ita, cloth, price 

RUDIMENTARY.— VoL 1.— TREATISE ON 
THE METALLUXOY OF COPPER, by R. H. LAMBORN. 

In demy ISmo, la hava Woodcub', eioih. 

RUDIMENTARY.- Vol. 2.— TREATISE ON 
THE METALLPROY OF SILVER AND LEAR 
In d«mr 19in^ to Iibts Wooden ti, dolb. 

RUDIMENTARY AND ELEMENTARY.— 
Vol. 3.— TREATISE ON IROS UETALLDRaT op to the. 
Uanuraoture of the Isleat pncoBBeB, 



In liemy 12ino, to hsTS WoodouU, doth. 

RUDIMENTARY AND ELEMENTARY.— 
Vol. 4.-TREATISE ON GOLD UININO AND ASSAY- 
ING PLATINU-M, IKIOIUM, Ac. 



In di^my ISmo, lohATB Woodoula, clotb. 

RUDIMENTARY AND ELEMENTARY.— 
Vol. a.— TREATISE ON THE UINIKQ OF ZINC, TIM, 
Nimcci, rnn.ii.T 



In demy 13mD, to have Wondcuts, cl"ih. 

RUDIMENTARY AND ELEI.IENTARY. — 
Tol. 8,— TREATISE ON COAL MINJKG (Geology and 
Xtum of Dlworaring , Ac) 



In demv limo.irith WoodoalB, eloth, price In. 6d. 

•DUDIMENTAEY. — Vol. 7.— ELEOTRO-ME- 

J-" TALLURGY,— Praclicaliy treated by ALEXANDER 
WATT, F.R.8.A. 

John Weale, 6S, High H'llborn, LeadoD, W.C. 
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JEW SERIES OF EDUCATIONAL WORKS. 



In daniv lima, with Woodcutu, oinlh, price ia, 

ONSTLTUTIONAL HISTOfiY OF ENG- 
LAMD^I, g, a, J.-Bf TT. P. BAMILTOM. of the BWe F. O. 

In dainr tamo, nitti Woodonta, clolb, prioa 2a. ed. 

lUTLINES OF THE HISTORY OF GREECE. 

-5, C-Bv \V. D. IlA.MrCTOX, 2 vols. 



0 



CTJ.INi; OF TJIE HISTOPA OF iiOMK— 



In damv 13ma, doth, prira Kb. 6<1. 

pHEONOLOaY OF CIVIL AND ECOLESI- 

V A8TICAL HIBTORT, tlTBHATUEB, ABT, AKD CIVI- 
LISATION, fr™ Ihe earlleat period to tbe proBant— 9, 10—^ Tols. 

n ItAMMAB^O F 'the VnGL 



riRAMMAB OF THE GREEK LANGUAGE, 

^ — U — Br H. C. HAIItLTOS. 

In demr ISmo, otntb, priee !l 

DICTIONARY or THE GEEIK AND ENG- 
^ LISH LASGUAOES.— 16, 18,-By H. E. HAMILTON, 2 

DICTIONARY ''of ""VhE '"eNGLISH AND 
^ GRUEK LANUL'AGKS.— 17, la— By H. K. HAMILTON, 2 

ATIN^L 
—19.— By the Rev, T. GOODWIN, A.B, 

In *imy tlm^ ohtfa, Ss< 

DICTIONARY OF TMl IATIN AND BHG- 
LISU LAMCDAOXS.— aO^Sl— BrttMtlOT.T.eOODWlN, 

In demy ISme, dcH), pdos IB. 61. 

DICTIONARY OF THE ENGLISH AND 
LATIN LANGUAOeS.— U, M.— Br the Bot. T. GOOD- 
WIN,. A.B. Vd.II, 

36ba WeU«, 6^ HIgk HOtlwra, Landon, W.O. 



Jj^B. WE ALE'S EDUCATIONAIi SERIES- 

In demy 12ino, cloth, pfiQ« IB. 

DICTIONAEY OF THE FRENCH AND 
EMQLIgg LAHOUAOEaf-8a^BrA.ELWE8. Ttd.I. 
In dsmy lamo, e1atli,wl««Il. Sd. 

DICnOITABT OF TKE ENOMSH AND 
TaSNCH LAHQnAOBa.— 28.— Br A.gt.WEB- Yol.ir. 
In deny lanuL Diotb, pitoa la. 

GBAMMAB OF THEITAL1AH LANGUAaB 
^■-BrA.ELWES. 

In dan^ lamo, dotb, priti li. ^ 

__(D^ 

BLWE9. V<d.I. 



In damr ISmo, dotb, vHf li. 
TilCTIOlTAEY OF TBS ITALIAN, ENG- 

J-f LT8H, AND FBBMGH IiAIiCI0ACIBB.— SE^ SB^B? A. 



In dsmy ISnm oloth. pries Si. 
■niOTIONAEY OF THE ENGLIS:^ ITAT.TAN, 
^ ^AMD FHBMOH LAHOUAOER-^ M^By A. BLWE8. 

In damy 13miiL doth, nrloa 3i. 
"niCTIONAaY TSE FRENCH, ITAIJAN", 

J-' AHD ENGLISH LAHGITAaBB.-«l, 3S.— By A. ELWES. 



In demy 13mn, clotti. price 

" """HE SPANISl 

-Uy A. ELWEfi. 
imj I2nio, cloth, prica 



Q.KAMiIAIt OF THE SPANISH LANGUAGE. 



DICTIONARY, OF THE SPANISn AND 
ENGLISH LAKGL-AGES.-35,3fl,37,38.-By A.ELWE3. 
4 volH. la 1. 

In ilfliny ISmn. cloth, pries li. 

QBAMMAE OF THE GERMAN LANGUAGE. 

In itmy ISmo, cloth, nrloa li. 
riLASSICAL GEBUAN BEADED-— 40,— From 
V the beat Anaiora. 

In dwny ISmo, doth, prioe 9t, 

DICTI0NAIIEE3 OF THE SNOLISH; QEB- 
UAN, AND FRENCH LAHGUAOEB.— U, O, 18.— ByH, 
E. H AMn.TON, 3 volB,, BBE»r»lflIr, Is. awh. 

In damy ISmo. eloth. price 7b. 

DICTIONARY OF THE HEBREW AND 
ENGLISH LdNGOAGES.— l*,4B.-Co.it»ining the BIWioal 
and JlibblTiiial worda, 2 vols, (togalbar with the Gtammsr, which 
rany ba bad Bopanilel)' for Is.), by Dr, BBESSLAn, Uebreir Pro- 

In demy l*mo, clotb, price Sn. 

TVICTIONARY OF THE ENGLISH AND 

HEllKEW LANBTJAGEB.— *fl.-Tol. III. 10 com ptela. 
In damy ISmo, cloth, price la. 

F BENCH AND ENGLISH PHEASE BOOK. 
-47. 

John WaklB, IS, High Holboni, Loadn. W.C. 



•^B. WEALE'S CLASSICAL SERIES. 



ow in coarse nf Publication, In demy ISioo, price la. per Volunio 
(except in aoms inttanceg, and those ue Is. Sd. or 23. each), very 
neatly printed en good paper. Tiioaa priced aro pabllahed* 



iccompanied by k^iplanatoiy ^oles In Engtlsb, princlpalt; Eetected 



Hamw.B u giiy% o"— also for^Prlvate T ultlon'and 
fbt tbe Ubrary, as follows : 



• from Clasaical Autbors, with VocBbularlca and Esplanalory 



in Engllili, and a Geograpbleal Index. 



In demr Umo, boards, pdce la. 
QOBNELIUS NEPOS.— 3.— With English Notesi 

ynwaiL^!— Theiiear^i'^liucol^ withEnglislr 

yiRGlL'S ^'nEId'— 5!"— (^^^ plan as 



HORACE.— 6.— Odes and Epodes ; with English 
MolM,and Analysis and Explanation of the Meliea. 

TTORACE.— 7"— ^atiresVnd' E^UeE^'with English 

■LL Holes, 4c. 

Id demy ISino, baarrls, price Is. Ci. 

CALLTJST. — 8. — Conspiracy of Catiline, Jogur- 

O thine War, with English Notes. 

In demy 13ino, boards, price Is, Bd. 

rpERENCE. — 9. — Andren, and Henutontimorume- 

IEEENCE.— 10.— Phorniio, Adelpbi, and Hccyra. 
vitli English Notes. 

In demy ISmo. 

nIGEEO.— 11. — Orations against Catiline, for 

BiiHa, far ArehiM, and for Uie MMilllan Lit. 

Id demj ISmo. 

.niCEROj—lSi—'Fiseb and Second Philippics ; Ora- 
yj timu fbr UilD, for Uarcclliu, Ac 

JohuVMd^M.Higbllolbom LondoD, W.C. 



]y{B. WEALB'S CLASSICAL SEBIES. 

In demv 13mo. 
^ICfEEO^ia.— Ds Offirais. 

In demy ISmo, batrd*, prlsa 98. 
niCERO.— 14.~De AmicitiS, de Senectute, and 

BnilHK, with EnBllih Notes. 



T IVY. — le!'— Biokri^to vr'intwo vols., with 

^-i EiigUah Notes. 

in dciny ISioo, iiosrds, pri™ li. 

J^IVY.— 17.— Books xxi. and xiii., with English 
fJ^ACITUS.— 18.— AgricyrrGenuania j and An- 
CELECTIONS^FROm"' TIB^^^ OTID, an.l 

PE0PBKTIU3.— 19.— Willi Engllsli Vntft, 



CELECTIONS FROJI SUETONITJS and the 



dtiur VStmo, boirdi, price Is 

Anabasis, 

Notes. 



OBEEK SEBIES, OM A SIMILAR FLAM TO THE LATIN 
SEKIE3. 
ThoK not priced nre in the Prang. 
In draiT Itmp, bmrdB, prica In. 
rNTEODTTCrrORY GREEK BEADEE.— 1.— 

1 On the BMnfl pten »■ Ihe L«tln BuadBi. 

In dtiuT lUino, bo 

VEKOPHON". — 2. — J 

A E.igliih_ 

In dsm? llinn, boirdii, price U. 

XENOFHON. — 3. — Anabaaia, iv. v. tL vii., with 
Engtjgli Koim. 

Si demy iimo, boudi, price Is. 
J^UCIAH'. —4. — Select Dialogaea, with English 

to vi., with Englitjh K'otes. 

JJOMER.— 6.- 

~ ' In demy 12mD bouds, price le. 6d. 

HOMEE. —7. — Iliad, xiil to xviii. with English 
Notes. 

JJOMEE, - 

John Weiile, 69, High riolboni, London, W.C. 



]^B. WEAIE'S CLASSICAL SEBIES. 

In demr ISrao, bosrdB, price la. 6d. 

JJOMER— 9.— OdyaBey,i.tavi., with Eogliali Notes. 

In demy limo, b^uriU, price la. 6il, 

HOMER.— 10.— Odyssey, vU. to xii., with Ea^iah 
Motan. 

In iemj lime, boitds, biioe Is. 8d. 

JJOMER— 11.— Ody8Mjr,iiitto xriii-with En^ish. 

In dem]' ISmn, boarda, pries la.6d. 

HOMER — 12. — Odyssey, xix. to xxiv.; and 
Hymna, vHh Engliah Notea. 

In demy 12mo, boards, prise 2*. 

pLATO.— 13.— Apology, Crito, and Phiedo, with 

;£ EngliSh Kotes. 

In dnof lima, boards, prLc« la. &!. 

TIEEODOTUS.— 14.— i. ii., with Engliah NotoB.— 

" Dadleitad to HisOrace tba DukB of DBToaaliire. 
In den.y 12nio, boards, prtco la. 6d, 

"LrERODOTUS.— 15.— iii. iv., with Englieh UoteB. 

11 nadlcifad In HiH Grace th« Ituta of DaTonahlre. 

In demy l£mo. 

HERODOTUS.- 16.— T. vi. and part of rii. 
Dedicatad to Hia Qtmb the Duka of Davonahire. 



gOPHOOLEa- 



Id dony lano. 

19.— ^EdipoB Ooloaama. 



In dam J lima. 
gOPHOCLES.'^'SO'-^AiitigDiie. 



gOPHOCEBS.— Sl?-AjM 



In dnoyllnn. 
gOPHOCLEa— 23.— PhUoctetoB. 

In demy ISmo. tKHtrda, price la. Bd. 
J^UKIPIDES.— 23.— Hecuba, with English Notes. 

la demy Ila». 

JJUErPIDES.—a4.— Medea. 

J^UfllPIDK.— 28.— Hfppolyins. 

John TVe»l«, 69, High HoUraiu, LondoD, W>C 



-^n. WEALE'S CLASSICAL SERIES. 

~~ In demy IZmo. boBi^ pricu t9. 

jgXmiPIDES.— 26.— Alceatis, with English Noixe. 

In domy limD. 

J^TJEIPIDES.— 27.— Oraates. 

In demy Iliino. 

J^UEIProES.— 28.— ]&jtrecls from the remaining 

Indfmy Umo. ~ 

gOPHOCLES.— 29.— Extracts from the reniainitig 

JgSCHYLUS.— 3o!— ProBoethens Vinetua. 

la iemj limo, 

J^SCHYLTTS^l.— PeratB. 

In deniT ISmo. 

_^SCHYLU9.— 32.— Septem contra TbOtaa. 

Tn domy ISmo. 

^SCHYLUS.— 33.— Choephorse. 

~ In demy 12mo. 

^SCHYLUS.— 34.— Eumeoidea. 

SCBYLUS.— 35.-<AgMBemQ<». 

~ In aeni; ISmo. ' 

SCH YLUS.-36— SBR>UoeB. 

Ja danir lima. 

bilMiy tSiDQ, 

^TOSIOHttANES— ae.--Clond«. 



A BBTOPSiJfgS. — 40. — SrieoUoM ftm ihe 



"JHTOWDIDBS. — 41 I, mtji >EiglUi. KoMs. 

, , In ieaj Udio. 

^^^CfYIMDEB.— 4«.— n. 

Jobn WeUfl, SB, nigh HoTbeni, Ijondon, W.V, 



)igmzed by Google 
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j^jL "WEALE' 


CLASSICAL SERIES. 


fj'HEOCRITTJS 








piNDAR-^4. 




In demj 19mv. 


gOCBATES.— 45. 



gESIOD.— 46. 



lUE, WEALE'S PUBLTCATIONS OF WORKS 

-1-"- ON AKCaiTECTUllE, ENGlNEEiUNG, AND THE 
FINE ABTB. 



In 1 Ursa AtliB, folio Volume, nitli fine Flates, price £1 4b. 

it TJEITISH aOVEBNMENT WORK." -THE 

Xt ABOHITSCTDBAL ANTIQUITIES AND BBBTO- 
KATIOH OF BT. STEPHEN'S CBAFEL, WESTMIMSTBB 
(iLte Iha HouM of CmninoDB). 



Fine Platea and TIgDPttSa, Aflaa ftdlo, prfM «8 lOa. 

1 1 ^] ORWEGIAN GOTERNMENT WORK." 

-THE CATHEDRAL DF THBONDUEIH. IN 
NORWAY, Teit by Profeaaor MUMCU; Ormwinga by H. B. 
SCaiKMEH. Architect. 



LftTge Atlas folio, 4 IlTraisons, piibllslied in Muclriil, nt 100 reals 
e>eb, or £1 in EnBland. liloalrated by be.iulifiilly eipciiled 
EDgnvluge, some ofirbtcti aie coloured. 
. * i QPANISH GOVEENMENT WORK."— 

•J MONUMENTa AR>!IIITECTONIQUES DB L'ES- 
PAGNE, PUBLlfiS AUX FRA18 DE LA NATION.-Pabt I 
Provinda de Tulodo, Granada, Alcald de Hea area .—Part 2. Cato- 
dnil ToUdo, Detaiilee.— Past 3. Graaada, SaKOvia, Toledo, Sals- 
mancn.— Past 4. Santa Maria da Atcali de Henarea, Caaa Lonla de 
Valencia, Toledo, Segorta, *«!.— Thia work Burpasgea in boanty all 
oltier norka. 



Coliimbler foil* plates, with text also DDlform, with gold borders, 
and eumptuonalybonnd In red morocco, gilt; gill learea, £12 12s., 
Columbler folio platen, with text also anlform. with gold borders, 
and GleeanUy balf-bound in morocco, gilt, £10 10a. ; Platea (a 
C'lliimtjii^r folio. Hod lext in imperial 4ta, half-bonnd In morocco, 
eilr, £7 Tfl. ; Platea In Colnmbler folio, and text in imperial 4to, 
in cloth extra, boarda and lettered, £( 14a. 6d. 

fTHE VICTORIA BRIDGE, AT MONTREAL, 

J- IN CANADA. — Elaboralely illnatmtfld by TiewB, plans, 
elsTatlona, and deUlie of the llridge ; together nilb the lllnslralions 
oflbaMielilDBryand Contrivances used in tbe coiiatructlon of this 
Btupendonsly important and TaiunbleenglDeeriog work. Tbenhole 

Srcdnnid In the finest alyle of art, plctoilally and geometrically 
rawn, and the tIbws iJghly coloured, and a deaeriptire texL 
Dedicated to His Royal UielioesB tbs Prince of WalBB. By JAUES 
HUDQES, Eng!ne«r Co the ContraDtOTB. EajriPMia: BOBI^T 
STEPHENSON and ALEX. U. BOSS. Oontmilon: Sir S. 
MOBTON PETO, Bart., U.P., THOUAS BBASBBT. IM ED- 
WARD LADD BETTa, Eaqra. 

John Weale, W, High Hdbotn, London, 'W.O. 



ME. WEALE'S WORKS ON ARCHITEC- 
TUBE. ENG I NEERING, FINE ARTd Ar. 

In ona imperial folio vi liime, wilb eiquinlle illualrativo Ijlntea from 
very^esl, price £5 5s. ijiily !M copies printrd (or sak'. 

PROFESSOR COCKERELL'S WORK,— 

-T THK TEilPLKS OF .lUi'lTEK PANIlEl.l.ENiUS AT 
^GISA, AND OF APOLi.O EPICUKIUS AT BAS3^, NEAR 
PHlQAI.ErA. IN ARCADIA. 



It iapmpo-eJ to puWWi the Life and Works oflLclRtB 
TSAMBARD KINGDON BRUNEL, F.R.S., 
Cltil Engineer. — The geniun, talent, siid eimt enterprlne 
of the Ikte Mr. Brunei hu > world-wide fMne, liU wbule UtK was 
devotud alone to the sclents of hla prof<!Sii10D, not In imitation or 
copying oUieru, but Id InveuUon. tn finding out new rands to llie 
onward odTancoment ofliiB Art, the lifting up from tlie slaw and 
beating path of Enginaeting Aft, Mw id«*fl aad realUlai, and wUob 
■--8 or baTB given to England a nune for rebrenw and of renowned 



igorOialns, Kiclip i-c; •!. Ui. , ._ 

S. T&a Fin Ori'n •.o.\a dn^n to a. scole ; 4. Ibidan SaUni of 
Tnualivaiidera, Jol[Lts»rr:ir|)i!iiitira' norkj fi.Seslgnifarlfadem 
EOiapFrantd wltli their dciiill'^ ; C. Oeeigun tot UodwD with 
tbUcdatHUe; 7. Designi lor Modem Windowi^ sitli Uwit deUila, 
tM for Villa Arcliit,'c!iire. Tiie wbola amply do5orll»edi (br tbo 
ma ot the Operaiivg Cnr|><!uler and Builder. Fitatlv written and 
paDliahedby WILLIAM PAIN. Secondly, wilh Ucdan Deslcna, 

and Improtcmcma, by S. II. BROOKS , Archlleel. 

In ISOl >rill be piiblislicd a rolume In 12mo, entitled 
A DIGEST OF PRICES of Works in Civil Engl- 

.il- neeting and Hallway Engineering, Jleqhankal Epgioeeriug, 
Tools, Wrought and Cant Iron Work?, Slono, Timber and Wlto 
Works, and^Bi^ry^ kind of iufonnalioa that cau^be oblained and 

. ASTRONOMEr'^'rOVAL, E.R.S., &c.— 
Results of F.iiieruii.'tiU^ nu ihe rislurbmco of the Compe£a 



AIRY, 



iBl Ttil. fanparlal tto, with SO fine Flatw, neatly lulf-bmnid In 

ANCIENT DOM^TiC AECHIXECITrEK— 
^neipatly selected from oiigiuai drawinga In-tbe eallMlion 
of the late Sir William Barrqll, Start., with obserratlima on the 
^plication of anclout arehiteatiuB to tlie pictorial camporitian of 
modem ediflees. 

Theitatned glass fkc-simile. 4t.-9S.j In an extra cug, or Ids 
ibeel, ai. Bd. 



ANGLICAN CHUitCH 0BNAMBN1>- 
-'l Wherein are figured the Silnta of the Englub calendar, with 
their appnpilite emlilemi; the dICfeient atyles of stalled glaH; 
•ndTtrWM saotad (•ymbalcland — ••— 
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TURE. EMGIKEERIMQ. FINE ABTB, Ac. 

In 4to, la. 6d. 

ABAQO, Moaa. — Report on the Atmospheric 
Syateni, and on tha propased Atmospherio Hsllvay at taria. 
In ito, with about 600 EngraTlnifa, aoniB of which ara hiRhly 
coloureil, 4 toIb., original cop1«9, half-boimd la morocco, £6 Ss. 

J^RCHITECTTTEAL PAPERS. 

/echitectueal''' orders ^ (EivE)' 'and 

THEIR ENTABLATURES, drawn (0 a largoi tcnic, niUi 
Pl gureJ Dlmen^ng. 

A ENOLLET, M. — Report on hia Atmospheric 

RHllgay. 

In 4lu, 10 Flntea, Is. 6d. 

A TMOSPHERIC EAIWAYS. — THREE BE- 

-O- FORTS " 



In large ito, TCir mat balf-nwiocca, 18s., with EnscaTlDBS. - 

BABBT, SIB CHABLES, B.A. &c — 
StndlM of Uodeni BngUah Arahilealura. By W. H. LEEDS ; 
The TnTellera' Clab-HauBB, iUaitnlAd by EnpaTlDg* of FUo% 
Secliau, £levatlinu, and details. 

In 1 Vol., large 8ro, with coloured FlatcB, hair-moroCCO, plloe £1 Is. 

l^EWICK'S (J. G.) GEOLOGICAL MffiATISE 

ON THE DISTRICT OF CLEVELAND IH HOttTH 
YORKSHIRE, its FerraHlaoua Dapsilta, Uas and OoUtai; Vith 
soujo ObserratlODH on I ran atone Mining. 



itiracing Practical . , ^ 

lUta, lha amstmction and use of Scales, OrtbograpUc Fro- 
jccuuTt. and Elementary Desciiptlve Oeometrj. 

In 4to, with lOfi Illustrative Flste!^, clolli Ijonnls, £1 lis. Sd. 

BLASHFIELD, J. M., M. E, Inst, Ac- 
selections OF TASES, STATUES, BUSTS, &<i , from 
TEBR^ COTTAB. 

iDBTOiWdodroti,!!. 

BI.ASHFIELD, J. M., M. B, Inst, &c.— 
ACCOUNT OF THE HISTORY AND MANUFACTUBE 
OP ANCIENT AND MODERN TERRA COTTA. 

■gODJIEE, E., C.E.— On the Propulsion of VesBela 

BRIDGE. — A l:u-go masiiifiw-nt Plate, 3 feet 6 
Inches bv 2 feet, on a scnlc cf ii^et lu an inch, of LOHDOH 
BRIIKIE ; coalalning Flan Rnd Klerction. Eneiaved uul elabo- 
lately flalabed. The Work of the KENNIES. 

John Weale, fiB, HIgb Holbarn, Limdoo, W.C. 
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Tha work of Ihe SKNNIES. 

InroyslBfo, wllli very "UborWe PUtes (foltifJ), £i Ida. 

BEIDGES, SUSPENSION. — An Account, 
viih lllustrBtiDnB, of tlie Saspenaion Bridge acrtisB tlw RlVBC 
DaniilM, by Wni. T. CLARK, F.R.S. 

In 4 vols., ToyKl Svo, bonud In 3 vols., balf-uioroceo, girica £4 10*. 
"DEIDGES. — THE THEORY, PRACTIOE, 
JJ iSO AECHITISOTaBE OF BSIDOE3 OF STONE, IBON, 
TIMBER, AMD WIBE; with Biunpha on tbs Prinolpis of 3iia- 
penBlon ; lUntttated IBS Ei^rmvlngi aad 91 WoodeuU. 

In ouB Un« Svo Tdama, with bzpIuuWt; Text, aad 6S Flatsa 
sompriBlDB ioMlt MDi mewsiM dlmenilona. Bonnil la luir- 
moroeoa, unifbnn wtlh the prece^oB work, price £3 10a. 

BBIDGIS. — SUPPLEMENT TO "THE 
THEORY, .PRACTICE, AND ARCHITECTURE OF 
BRIDGES OF STONE, IRON, TIMBER, WIRL, AND SL'S- 
PENSION,'' 



1 large fulio Engrs' 
' IRON BRIDO^ 



1 large (bllo Enmriim, prtos Si. 
TIIODOE across the Thames. — W 

-iJ BTONR BRIDQE. 



1 Urge Enaravlng, price *a. 6.1. 

BRIDGE (the UPPER SCHUYLKIUj) at 
^^^^^^^ralLADELPHIA, tha sTaatest known spin of ona ucli, 

1 large EnttiaviiuiiprleeSi, Sd. 
■DRIDGE (the SCHUYLKILL) at PHILA- 
DELPHIA, oavarea. 

1 large EngraTlDi!, prtea Si. Bd. 
T)EIDGB. - ON THE PBiNCIPLE OF SUS- 
i-) PENSCON, b7 Or I. BBDHBI4 In the ISLAND OF 
BOURHOy. 

1 lane EogtaTlng, price It. 
■DRIDGE. — PLAW andELEVATION of the 
-L* PATENT IRON BAB BBIDas over tte Biw Tireea, near 

Be riricH. ■ 

_ M Platei. folio, £1 to- boarda. 

T>RIQDEN, R — Interior Decorationa, Details, 
^ and VlewB of Safton Cbnreb. LaneaaUre, erected In the lalga 



M^^ 

I larpfe Bngririnft, price 3a. 8d. 

TJEITTON'S (John) VIEWS of the WEST 

■D FllONTB of li ENGLIBH CATHEDRAI-a. 



1 Urge Engmvirg in oiiUine, price 2n. 63. 

BRIXTON'S (Joljn) PERSPECTIVE VIEWS of 
the IMTERIOBof UCATHEDRALB. 

la 4te, SB. eO. ■ ■ ■ ■ 

pBODH^ K, C.K — Bules for Baodng Bul- 
JJ my Oatna, yHth the TbeodDllta, uid iritboot Tables. 

I itTgt Gugravin;, price 4i. Od. 
■DEOWS {Capt. S.) CHAIN PIEE at Brighton, 

JJ wllh Dataila- 

The Text In one liTgs ^ 

in namber, in an at 

£2 lOs. 

BTJCHA2?AN, E. — PItACTICAL ESSAYS 
ON MILL WORK AND OTHER MACHINERY; mill 
Eaamnlea of Toola of modem invention ; first publLahed by 
BOBERT BUCIIAMAN, M.E.; afterwardB Improved and edited 
if THOMAS TREUGOLD, C.E. ; nnd re-edlted, vllh (he Im- 
Wovamenla of tha preaent aga, by GEORGE HENNIE, F.R.B., 
C^, Ac, &c. The whole fonnini,- TO Plates, and 103 Woodcutfl. 
John Weale, 59, Iligli Ilolborn, London, W.C, 
Ten in rojal 8vo, and FlaleB in imperial folio, 160. 

BUCHANAN, E. — SUPPLEMENT. — 
PRACTICAL EXAMPLES ON MODERK TOOLB AND 
MAOHINEB ; b SupptsmeDtary Vidame to Ur. HBNMIB'B 
Cdliion of BUCHANAN " On UlU-Work and Otbet HMUury," 
by TSEDOOLD. The work conalBta of 18 Plates. 

InSm, vUb PUtes, Sod EdUlMLU. Sd. 

gTTBN, C, C.E,--Oa Tram and Home BailwaTS. 

In onovolnme, *lo, 21 Platen, half-bound in morcaco, £1 la. 

URY, T., Architect, — Exaiuple3 of Ancient 



B 



fiALCULATOR (THE) : Or, TIMBER MEEU 

^ CtlANT'B ASD BLMLOER'S BCIIDE. By WILUAH 

RICHARDSON and C1IARLE9 GANE. ef Wlabateh. 

In 8vi>, Plates, clolh bnOiB, ft. M. 

r-ALVER, E. K., E.N.~THE CONSERVATION 

yj AND IMl'liOVEMi-.XT OF TtDAL lilVERS. 

r-ALVER, E.k!,^1!.X.'^'0N''th'E CONSTEUC- 

^ TtON AND 1-lilNCIl'LE OF A WAVE 60BBBN, 

lipaicn' li lar lli" Formnlion nf Ilarlwurfl of Refuge. 

In Ito, halC-beuDd, pila»£l. 69. 
pARTEB, OWEN B., Architeof^ — A SISIES 

yj OF I HE ANCIEKT PAINTED GLASS OP WINCHES- 
TER CATHEDRAL, Extniplea of. aS Colnored IlItmralleiM. 

In 4to, IT Ptfttca, half-bonnd, 7s. Bd. 
pAETER, OWEN B., Architect. —ACOOTJNT 

yj OF THE CHURCH OF ST. JOHN THE BAPTIST, 
"■ ~-*-p«ton«, TTlth IllnatniUons oftts Archltectnre. 

John WoBle, 69, Higli Hollwni, Lonflbn, W.C. 
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m ^ 

In 4to, with 19 Engravings, £1 Is. 

pHATKitJMEtTF, A. de, AroMtact— Architec- 
\J SomeaUea; ■ Beiiea of iHrnut sxiDiplw ot' lateriora 

n ui Ertarlora of rsalflwcM 111 ttta ItolUn atylu. 

Lusa ltd, Inbilf-fedniaroeea, plica £1 Ba. 
pHIPPENDAlB, INIGO JONES, JOHNSON, 
^ LOCK,- and PETHEB.— Old Eogllsh nil Fnnch Onw- 
meals : compriBlae SU dealgu on IOC Plales of elnbonla examples 
of nail QlasAss, Ficlure Frames, Chlnnsr-pleces, Ceiling*, Stands 
forCblna, Clock and Watcb Cases, GlnndolEH, Bncketa, Ordtes, 
Lanterns, Omimeiital Fiirailare, Oraamen's foe brass wurkerd and 
silver worlteri. real ornamental Iron irotk PatWrDs, and for carvers, 
modellers, Sec, &c., Sec. 

ItD, third Edition with add illoiK. price £t liq.Gd. 



pLEGG, SAM., C.E.— ARCHITEC'ITK!!: OF 



QOLBUBNS, Z.— On Steam Boiler Explosions. 

One very Utga EngreTing, prlca 4m. ei. 
pONEyS (J.) Interior View of the Cathedral 

^hiirth of Bt Paul. 

In 41 

QOWPEE, C— Dia 

ln'-no vil. 41", with aOFoMloK Plates, price « la. 
pBOTON AQUEDUCT. — Dflscnption of the 
^ Hew York Crotoa Aqntdnot, la 30 lafn detailed and eagi- 
neerlng expUoalor; PUI% wUh text In iba ^Ilsh, Oemwi, 
and Brench languagaa. br ¥. BCHBAUXB, O.E. 

In dentr Umo, cloth, eitrii bound and lettSKd, price 4b. 
'HENISON.— A Budimentary TKeatise on <3.oek6 
*J and Watches, and Balls : vilb a fjll aeoonnt of the Weatmln- 
ster Clock and Bells, IqBDHUSD BECKET DENI80M, U.A., 
QJJ. Fonrtb Edlllon re-wrllten and enlarited, with EngraTfagiL 
In roral 4to, cloth boards, price £1 llB.6d. 

DOWNES, CHARLES, Architect.— Great Exhi- 
bilion Biiililing. Tho Biiilding ereeted In Bjdo Park tor 
ihe OrcHt Exhibition, 1S51 ; 23 large folding Plates, embraelng 
Plana, ElevatiDns, Sections, and Details, laid down to a large scale, 
and the Workinn and Measured Drawinga. 

TJEAWING BOOks^-^howing to Slodents the 
Bnptrior melhod of Dtawtog «naShaaoTrlng. 

"nEAWINQ BOOK.— COTJBS ELEMEN- 
-L/ TAIRES DE LAVIS APPLIQDe A X-'AJBCHITEOTintB! 
Itflio Tol'ime, containing 41) elabotalajy engraved Plates, in Bbadoirs 
and tints, vet? finel; executed, hr the best Mtiste In Fraiiee. S9. 

John Weale.EO, High Holbom, London, W.C. 
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DRAWING BOOK.— -COURS £L£MEN- 
TAIRK3 UE LAVIS Ai'tLItJUfi A MfiCUANlQUE) 
fblio voluQje, utDlaiaing 50 eInborsleLy eiiKFATcd TlstcB, in fhadoirs 
Bud linia, yery finely eieculeil, Ijj ilis iiesl srtlsts ia Fmnco. 



TAIKES DE LAVia APFLIQU^ A ORNEMENTA- 
TION; fijllon>lams,coaUlnlTigSOel(ibanite1rensniTed PLuea, in 
ahadon and tints, vtij finely eiecuisd, by tbe be&t artlats la 
Fnoce. £1. Faila. 

BAWIMG BOOK.— ^irUDES PEOGEEa- 
BITBS ET OOUPL&TES lyAIUDHlTECTUBE DB 
LATIS, par J. B. TBITON ; lans Mb), St PUWa, esmptMng 
the Orden ef AnUtaetim, nunMInn, wllk pmfllsi, oniuiieniB, 
and fonni ofthabpniportlOD, ut of iliadowlBB docri, lulDitan, 

pmartea. So., fc. to. Faria. 

In lima, dolh boaide, lettered, prlea 6e. 

ECKSTEIN, G.F.~APmeecalTreati8eon 
CblmiwT*; iritti ramut* m Biona, tba etniDnpUon of 
amato and Coal, TenUltBaii, fte. 

P lalaa, lanurial Sve, piiaa7>. 
"E^LLET, OTTAJiliTiS, a XL, of tiie IT. S^Beport 
J-J on llw ImpioTGiiiBiit of Kuanw, and InoldenliltT w llie 

Qliln BiTw, by meani of Artlgdal Latat. 

In 8vo, with PUtos, prioe Hi. 

EXAMPLES o£ Cheap Railway Making, 
Amerton and S>lgfan _. 

n cloth boai^ 
. "id 

, -- „ - -■selEOtert Hlu^tTHllorii t 

Alt and Cnngif uet lu n. 




In tlo, iridi Piatt B, price le. 6d. 



, CJS., F.B.S. — ON 

WATBS-WHEBL^ WITH YESTILATED BUOgETH. 



in ovn, wrm miv* mum 
InpTored, prioa, la 

t'AIRBAIEN, W 

-L APPLICATION OP Oi 



APPLICATION OP CAST AUD VBOCQBT lEOH TO 

BDILDIHG PURPOEEB. 

In impEiiat Sv, vltli fine Plalee, > n.-tMn^ prioe 16a., ocHj. In 

l^slf>inenMo, gilt^B«^ 
-TEBGUSSON'S (J.) Sasay ob tiu Aai^t Tope- 

i;"<pli; JoniHalem, irltb reitond Plans of the Tem^e, Ac. 
In 8vo, csved in impper, prlre !a. 

nUiL, J. _ ESSAY ON THE THBEMO:i>T-. 

^ NAUICa OF ELASTIC FLUIDS, hj JOSiiPH QILIi, 
irith Ciagrama. 

Jobs W«ata, t», Uleb Uolbnrn, London, W.C. 



TURB, ENGINEERING, F 



. ,1 9vo. cloth bonrds. with 8 PlBlei, 4b, Cd. 

TJAKEWELI^ S. J, — Elizabethan Arehiteoture ; 

-El iiiiistrited by parallcJu of Djfton 11 liisB, HalflelJ, I-liig- 
le , nai WullaloQ, in England, aui the PalazET DoUb Cancellsrift 



In imperial Bva, Third EdIUon, with uUlUaDB, 11 PUt«s, cAUi 
ibwmii, 8«. 

HAET, J., On Oblique Bridges. — A Practical 
Trentlae on t he Cnn at ruction of (IMIiiiia ArcbPH. 

JJEALD, GEOliGl'C ai'i.— Syst. ni of Setting Out 

ice I2s. 6i. 

Treatise on tbe 
vUh SoggMUonl 



Eoysl By, Pliilen and Wooilcufd, price 

HEDLEY, JOHN. — Practical Tr 
WmUng uid VenUlXbiii of Coal Mines, 



Two TolB., dem; 19niD, in doth axITm bomrdB &iid letlered, price 

HOMER. — TLe Iliad aiid Oilyaaey, witli the 
UvmnB orUamer. Edition with m nccoxsLoQ of Eii^-lluli notea 
br the Rev. T. 11. L. LEARV. M.A. 

In Bto, wKh EngTBTinci, clotb bo(irj>i, Third Edition, tOa, 6d. 

XJOPKlNSCftl, JOSEPH, UE.— The Working of 
-LJ- the Btwu n Engine Explaln«d by the tmc of tha lnto>«iir. 

InHni.lnlWHraB, Ida, 

. B., C.E. — TABLES and 

•I FicilltBtlog the Calcolatlan nrEsrth»ork, Land, 
curves, uiBtanccB, find Orsdlenta, requlrcrt in the furmatioii of 

SFpirate from the a)»ve, pi ice Sh. 

HUNTINGTON, J. R, C.E. — THE TABLES 
OF CBADIEMTa. 

10 PUIeSfSTO, bannd, Be. 
TNIGO JONES.— DewgDB &r Chimney COaweB 

A mdCliironoy Plecei of theTlme otChirloiUie lit. 

JEISH. -rkiilaUon'kn^ Statute Measure 



OF PARLIAMENT, with »lsbor«i 



GATES, LODGES, PAUSADINO, AND IltON-WC 
THE ROYAL PARES, »ltli aom-. otiier Dealgaa. 

John Waste, CS, High Bolborn, London, W.C. 



Digiuzea tiy Google 
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Id 4Io, with 10 Plates, 12s. 

T EBB'S, Colonel, Modern Priaona.- 

Btniotion and Vontilntion. 



ir the Duko of Wel- 



LteaL^enend W HAKBY D. JOMES, &ut. 



* Batting out Cur»es. 

Id 4in, 87 Pistes, !nlf-c!"tli boards, St. 

KING, THOMAS.— The "Upholsterer's Guidi! ; 
Rules for Cutting and FnrnilnE nrap erles. V^Nncaa. Ac. 
Illustrated by Imbs DrAUghta and Engravlnes. In 1 volume 4tD, 
tail, xnd ft Uree atlas folio votnme of Plntea, hHlf-baund, £6 6s. 

VKOWLES, JOHN, RRS.— The Elements and 
J-^ PmctTce cT N&ral ArahitsGtuTe; or, A TreaHae on Shin 
Bnliding, iliMTetleti and practical, wt tb« iNat prlnciplei etubiiibed 
tn Qreat BKtftIn : with eoptouB Tablaa at DimenaiaBB, Seantllncs. 
As. TheTbird Edlfloa, vilh ati Appendix, conlidninKtbg prlnid- 
plfs of cnn^tructtng the Royal aod Mereanllte Navies, bv Sir 
ROBERT SEPPINnS. 



r OCOMOTIVE ENGINES. ■ 

Tacllce and - 



: tlie 



M 



M 



ANTJFACTUIiES AND MACHINERY. — 

In ai.-'.,t Bl itBin, as exhibHed ebli.flv in Chrono- 
■ t Fome Lollcra Patenl^granled fnr Inventions and 

AT, R. C, C."E.— MetiKiirof setting out EaQway 



Impfrial i:o, wirU fine I ili^erraiicQs, cj.ira cloth hoatits, £1 w 

,] ETHVEN't CAP'£\iN™EOBERT.— THE LOG 
Lib Beferenee 

-- - - of the Uor- 

.' METHVBN, CommandBT In tlw 
irt Ori-ntal C nmpany's Serriee. 



M- 



ETHVEN, CaWaIN' ROBERT.— NAESA- 

TIVES WRITTEN BY SEA C0HUAHDKR8, ILLUS- 



TRATIVE OF THE LAW OF ST0RM3. The ' 
Hurricna of 1851. with Ulx, 



ibillty of ReCslaing Walla, elucidated by Et^rtTlngs and 
^ ^ Johu W»Ie, 69, High Holbom, London, W.C. 
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TUIII-; ENGINEERING, FINE ARTS, Ac. 
On a larco falla shee', price Si. ed. 

NEVILLE, JOHN, C.E., M.R.I.A. — OFFICE 
HYDRAVI.IC TABLES : for the iiso of Eiisineera enB-gcd 
in Water WortB, giving tJio DiscbarKB und Dimenalona of Kivbc 
Clianui'la and Plpi-i. 

In Bto, Second sod mncli ImproTcA Ifdltloii, witli an Appcndii, 
oloili boards, prico IGj. 

NEVILLE, JOHN, C.E., M.E.T.A.— HY- 
DRAULIC TABLES. COEFFICIENTS, AND FOKIIUL^; 
for FindioB ttie DiHChnt-RO of Water from OrllicBs, Notcbca, Wclrs, 
Pipes, and Rli-erfl, wltli EilsnalTC Addlllona, Kew Fonnuii", Table", 
uiid General InfornliUlonon B»in-Fall Catchment- Baal ns, DrflKiasc 
8cwer»e-, Water Supply for Towns and Mill Power. 

Un 33 folio l-lates, 13b. 

A RN A MENTS. — Ornaments displayed on a 

^ full slie for Working, proper A>r all Carvsnii Painlero, tm., 
containing ■ virletr ofaecDnte exftmpl«« orfl>liig« ind (tleira. 

Fl>teB,Sn^ ill. ed. 
fi'BEIEN'S, ^V., O.E. — Prize Essay oa Canals 

^ iiud Canal ConTeyanca. 



. croth. boards. IZi. 

JNT DK— 1 
]f Ibe Proportions of Sleam EnglEM 



p A^A] nn I- i;, COUNT DK— STEAM 



ilo, 12 finely executed Plates, In cloth, £1 ISs. 

PAEKEE, CHAKLEi Arohiteot, P.I.RA.— 
The Rural aigd Villa ArDhilwhira of Italj, portinlnK Ibe 
sereraivenlnlereitiDB HsmplaB lu tbat oonotiT, with EatimAtM 
and SpestfieatiDns for the >ppU«albn vf tlia iwne dealsns In Eng. 
land ; aBlaotad from bnildlnn and soanes la tba Tlclnltr of fioma 
Florenee, ftnd inangad fiir Rural and DomMllo BulldlDgB gtua- 

Frioe, Gomptete, £3 2!i. In 4lo. 
■pOLE, WILLIAM, M. Inat., C. E.— C30K- 

-I^ NISU FUUFIKa ENGINE ; designed and coiUtniBlBd at 
the Bayla Copper House in Cornwall, uoder the supennlendtncs 
of CAPTAIN JKNKIN8; erected and now on dutj' at the Coal 
Mla'ea ol l.ani.'uiii, Doparlinent of (he Loire Inftrieur, Nanles. 
Nine eUbriralD Um«int;9. liiatorlcally and aclenliacally described. 



AN ANALYTICAL INVESTIGATION OF 

^ Tilt; ACTK 
—This ThiW Par 



pOETFOLIO OF ENGINEERING ENGEAT- 
IHOS.- Useful to SludeniB as a Text Beok, or a Drawing 
Book of EoglneerlnB and Meehulea ; bilng a leriei of FnteUeal 
Examples in ClTll.HrdranHc, and UwhanlaalBD^DMring. Fifty 
EBgntTinBfl to a seals for dtKwiilg, 

John WeslOtBS, High Holbom, London, W.G. 



TUB. "WEAIB'S WOEKS ON ABCHITEC- 

m TUaS, BMOINBBRIMO, FIME ABT6. *a. 

EO PtiCH, 2B4., iHords. 

POBTFOLIO OF GREEK ARCHITECTURE. 
—Or, DiletUnd Driming Book; Arcldtsctiiml GnenkTtiiKS, 
with duor'pUTB Text. Being ndxpied aa studies of the b«St 
Clusle Models In llie Grecian alyin of Architocture. 



25 Flaus, (dUo. afiB. 

PORTFOLIO OF AECH^OLOGICAL COL- 
-1^ IiEOTIOHS.— or oariooL lotensUng, and onurannt*! sub* 
Jecbi and patlerns for attfned giais irlndowi, froin York. 

S PliMii.10B.ed. Smtllfo 



pUBLIC^ WOHKS OF GRE^T BUITjUN.— 



of London, and other ImpMUnt BngliieulDg Wetki, nitb Desorip- 
tkma and SpeoiGcntions. 

Id tvo PsriB. Imperial folio. 
PUBLIC "WORKS OF THE UNITED STATES 

^ OF AMERICA. 

And the text Iti u 8*0 Volume, price togethsr £3 6«, 
PEPORTS, SPEOmCATIONa AND ESTI- 

HATBS Of PUBLIC WOBKS Of THE UNITED 
STATES OF AHBBIUAi eiplntatWT of tba Atlai Folio of 
nMled BsgmTlBei, dDddattDg nraotiMllr tfaete baportstit Sa- 
^naarlngWoriu. Tb* FlaMaareEagravedln tliBbe«CBt;lB. 

Imperbil 8to, 50 Enitiwrliigs, £1 fi9. 

PAPERS AND PRACTICAX ILLTTSTRA-- 

TlOWa OP POBLrC WOKKS op BECEUT CONSTBDO- 
TIOH— BOTH BRITISH AND AHESICAM. Suh' 
pnTloiu PaUloatlMii, md cmtalniBe alltlM d»Mla at 
Bwpena lon Bri-*— 

HalfW . . 

pAWUNSON^ BOSteET, OJE.- 

Factoi7, FnrtuM, and otiter Tall Cblmney BhaRs. Tall 
drialneri aie nenmiiary for ptirposea of Trade and UanafantnreB. 
Tb>r MreHdreil for FMlorien, for Fonndrles, far Oas Works, for 
Obamlea l Works, for Butuii and Wasb-bouKS, and foe nun; olher 

Tbiid Edition, in royal 8to. bi-arila', -iib'is Chan 



pEID, Mftjor-General Sir W., F.K.S., &c.— AN 

ATTEMPT TO DEViilLOP THE LAW OF STORMS 

topolntoata caiiae for the variable winds, wilb a viaw'lo praetioal 
n»e In QaTteatlon. 

John Wsale, S9, High Holbom, London, W.C, 



[E. WEALE'S WOBKS ON ARCHITEfi- 
TUHE, ENGINEERING, FINE AKTo. fte. 



In roya.! 3vo, unllurm wiili itie precediuij;, Ba., Cl^aciD and 
Wooduuls. The work lotto^hef in S toIh., £1 1b. 

"DBm, Major-General Sir F.K.S, && — 

-iV las PROGRESS OP THE DEVK.OPUENT OF THE 
lAW OF STORMS AMD OF THE VARIABLE WINDS, wltb 
tba pnciicfiljle amiliEHtion of llie >abi<>ct to DaiiEdion. 



1{ 



j^TO N N 1 K'S. 


""Si'r' \foHN™F,E,S,7''Work on 

.rmi.tiiin, s.iJ i;..ns;tiw!iun of lirilish and 


^roign llBrtou.B, Li 


,ck3, ». d Nival AraenalB. This great work 
£ 6 


JJ^KVT, J. L.. 


V.K — llIE PlLOORESSIVSl SORBW 


g I M M s. r. 


W. — Treatise on tbe principal 


Englnaar,'™L'l"ol,''i 


in ii.awing inairiimenig ompioyad by ilia 
»ia Siii v.7or-, wim Bdeaorlpilonortb* Tteo- 




nBUiiElloDB In FieU Worki. 



Ilo. with SiieFlUes.B Haw Gditloa, cxbmdta, iswed, Bi. 

SMITH, C. H., Sculptor.— Eeport and IbtwUkv 
Uoa iuia tbeQ^&catian ulFitneMaf Stmn ftir Bcdl&ig 

PnnwWBB. 

In 1 viil.6vi>,tnli(url«,Ti.6d. 

SMTm*^ Colansl of the Ifadraa Ensriiieers, 
OtnenaUona on ihs DuUn «Dd BssponilbUUIu brolvad in 

Sto, eloUi iNMrdH. vilh lodsz Ktp, (t, 

OPWITH, THOMAS, r.ll.a — THE 

AWARD OF TUB UBAN FOREST OOKKISSIOnERS 

AB TO THE COAL AMP IROH MIMEB. 

Ifl Uiwo ftiHo Flutes, £1 *s. ScnitnlHlv. 2». eicli. 

SOPWITH; THOMAS. F.K.S.— SEEIES 
OF BMGRATED PLANS OF THE COAL AND IRON 
JIIHBB. 



OTAlKAIti'T. M.. N.A. — Naval Archifcf 

^ •r.^ThaJtodiiDxnts BiiJ Rules of Bhln BitUdini ^ pt. 
jeou w«lB, 69, High UolbDCD, London, W.C. 



□igilized by Google 



CTEVENSON, DAVID,' c!e., of Edinbuigh.- 

^-J Siippkins-nt tti ills Wurk ou Tidal Hlvere. 



irge folio AiliTJt of i*Iates, half-tloOi bouia, 

;AM NAVIGATION". — Vessels of Iron and ' 



or MrerpoDli JOUN ULIttD, H.IXI.E, of £iikei>li«ad; 
OLIVER I.ANG,(tiits)of WooUiob; Man*. 8BAWABD, UmB- 
banse, Kc Ac. be Togclher with Sesuila at Eipertments dd ths 
DiBturb&nc« of the CamoBSs In Iron- built Sblps. By G. B. AIBV, 



at Sir Chriitopher Wren ; a very fine iBrgc priaf, sliowlag diuiincVlj 
th> oonBlruDlloD of tliat rn^ntBcent ediiico. 

t>lEeuri>litaUre«t in bxlght. lOa, 

CT. PAUL'S CATHEDRAL, LONDON, GREAT 

^ PLAN.— J. WALK and J. UWVN'a OIIEAT PLAN, 
■ccuntely meiaured from tlie Buiidliii.'. Hiiii nil the Dlmenslous 
flnired and in dettU, dsscrlpllon of (Jompartnitnl!) by engiared 

WrlUng. 

Secaod i^tion, greatly aniarged. royal 8vo, with Plaliis, clotli 
boBTdi, pries 16s. 
CTREiNQTH OF MATERIALS.— FAmBAIBir, 
" WILLIAl^ C.E., F.B.e„ and of the Leghia of Botunir of 



in 2 Toi3., bound in 1 tuJ., price, in cloth boaida, iC.-. 
Bocond portii n of the wi-rlt, containing Mr. Hod);liiiiGUO'a E 

S'trength 'op materials.— hodgkin- 
BOS. £ATON, T.a.a. AND TUOMAS TKEDGOLD, 
C.E. A PRACTICAL EBSAYONTHa STRENGTH OF CAST 
IRON AND OTHER UETALS; Inlsndod far the ■gButaoeo of 
englnoers, Imamaatin, millirrlEbts, archlteetn, founders, amithB' 
and others enEac^d In the ennatmcDon or macliines, buildings, Jic' 
By EATON H0UGKIN80N, F.R.B. 

To be published in IBGl, in crown Svo, bound for use. 

OTRENGTH OF MATERIALS.— POLE, WIL- 

^ LIAM, C E.. F.R.S.— Tables and popular eiptanaliona of 
tba Sirangih of Materials, cf Wrought and Cast Iron with other 
metals, for ntmctural purpospHi developing In a systematlo form, 
the Htrengths, bearings, weights, and forms of rheae matorialo, wb^ 
therased as girders or archoa, for the eoagtiuctloa of brideee aid 
TiadnctB, public bnildlngs, domestic manalcns, private buildlngi, 
eoltimiu or pillars, breseammlerB for vareboUBcB, shops, vorklDg 
and naniiliwtiirlns bctarien, ftc. tea. Ac. Tbo wbole rendered of 
«U7 referenca for arebllect^ bnllden, elvll ind meehanlcal Biigl- 
seen, ndllvdghbi, Ironfbiindns, Ac. ftc. Ac, and formic^ Bmot 



or Oiilciilatoi. 
Jobn Wtala, 119, n^h Hotbom, LondOD, W.C. 



Digilizefl tiy Google 



II II till i;nnii<sr. lu cloth boarda, 

L .nemoir of the several 

iji 1:1 tna ThunsB Tuinul, from 
AID BKUHEL. FJLS., Civil 



Fourth Edilion, nitli n gupp1«id«n(nry AddlUon, luee 8vt>, 18s> 63. 

'rHOMAS(LYNALL),F.ll.S.L.—Eifled Ordnance. 

J- —A Praclio.il Trpalise on Iho Appllcalion of tlia PrInciplB 



TRANSACTIONS OF THE INSTITUTION 

OF CIVIL ENGINUERS, 



'pBANSACTIONS OF THE NORTH OF 

•I ENGLAND INSTITUTE OF MINING ENGINEEHB.— 
Commencing in 1832, and continued lo ISOii. 



In demy 12mo, India, proof FUtea ana Vigneltca, half-bmind in 
morocco, r-ilt lops, price 1!r. Only 26 printed on Indta paper. 

TTITEUVIXJS. — The Architecture of Marcus 

• Viiraviiin Follio in 10 Boolis. Translated from Itie Latin hy 
JOBEl'II GWILT, F.3.A.,F.U,A.S. 



WBALE'S gKAKTERLY PAPERS ON EN- 

** GINEERIlR,- Vol. Vr. (farti 11 nnil 12 rninpliiliiiR 



QIMEERtI 
Iha wOTkO 0<- 
Tlttss. Expecii ._ 
On Arsmals. On the Aini 
mtsT and on iti groand. F 
Hirer Medway and of the Fori 



Text In 8*0. clolli Imrilq. and Flstca in alias folio. In olotb. 16c. 

WHITE'S, THOMAS. N.A,. Theory and Prac- 
IlLHufaLipUllillllLlg. 

In 6va, with s luva SaeUoiul Flnl& tl. 6d. 

WHICHCOBD, JOHK Architect.— 
OBSERVATIOSB ON KENTISII BAG BTONB AS A 
BUILDIHG MATERIAL. 

John We>l«, E9, Hlgb HoUora, Limdnn, 'W.C. 



MB- 



4(0, ealonred 'P\*U*.1o hiltmnticisi, Ti- W. 

WHICHCOBD, JOHN, Architect.— HIS- 
TORY AND ANTIQUITIES OP TQB COLLEQLATE 
CHtTRCH or ALL BAINTS, MAIDBTONB. 

WICKSTEED, THOMAs!' C.E. — AW EXPE- 
RIMENTAL INQUIRY CONCERNING THE SELA- 
TIVE POWER OF, AND USEFUL EFFECT PItODUCED 
BY, THE CORNiail AND BOULTON & WATT VUHnNO 
ENOINES, flnd Cflindrlesl and-VTsggon-Heiid Bollan. 

[7ICKSTEED, THOM^' O.K — rUBTHER 

* ELUCIDATION OF THE USEFUL EFFECTS OF 
CORNISH PUMPING ENGINES; showing tlia ttTfliago work- 



w 



ICKSTEED. THOMAS. 

ELABORATELY KNGR WK.n 11. 1, [if 



THB CORNISH A 
at ttae But London 
folio Tory flue jino 



Willi niimiTmia WnodcaU. 

WHJJAMS. C. WYE. Esq.. M. Inrt. a E— 
THE COMBUSTION OF COaL AND THE PBSTBH- 
TION or BMOKE, nhemtoaHy and prtotiii^ mmrianai. 

Imperial 8n>, with aFortnlt. ii. Bd. 
WILUAMS, O. -WTB, Esq, M. Inst. 0. E. — 
»» PKI2B B8BAY OH THB PBBVBMTIOS OP THB 
flUOSR NUISAHCB, with m flu portiBlt of the Andior, 

With 8 Rules, canf^nfnr fil flgmei, itn, Sg. 

WILLIS, EEV. PROPBSSOE, M.A,^A 
ayalem of Apparxtns fur tho use of Leetaren and Sipcrt 

menfereln Meeh»n(ca] Philosophy. 

In 4to, bounJ, vitli large pMes nnd lUtpodc'itx, ISa. 

WILME'S MANUALS. — A «.NtJAL OF 
WRITING AND PRINTING O^^aCTERS, both 
ancient und modern, 

. ind Plana, In 4to, pliitps eoToiiied, Imlf-lioiind momcre, £2. 

ILME'S MANUALS. — A HANDBOOK 

ENGINEERING, AND AECBITEC- 



TIu«eTnii.,i*n[eSTo,£S. 

WOOLWICH. — OOinRSE OP MATHEICA- 
TICS. Thta Murw ia esaeiilial lo all Etuaenis deaUned 
for the Royal Military Academy Al Woolwich . 

YULE, MAJOB-GENERAL.— ON EEEAK- 
WATF-BR AKD HUOYS of VERTICAL FLOATS. 
JohD Weale, 09, High Uolbom, London, W.C. 



■POREIGN WORKS, KEPT IN STOCK AS 

X rOLLOWBi- 

Larse folio, 32 iilntes, aonie coloured, md 1! woodouis, SO ttvuss, 
£21011. , „ . 

A ItCIIITECITUEE SUISSE.— Oa Choix de Mai- 

Ji F,>na RiH'itiHfH dsa Alpes d» Cintun ds Bame, pir GKA.F- 



iSTCltLER, AroliUeotes. Bbtob, It 



^ w'orkt'''l'nd^". 'ii'-" Works, &c., 



B L Ali L TEK ZL'U intUCKENBAM KUMDE. 

L»rM folio, 86 pl«l«B of Bjfia.,c1n<' wltils, lit. 

gYZANTINISCHE CAPITAELER— MUnchen. 

Second edltloD, 120 plates, Urge folio, bo« P»ris edition, 100 f., 
printed on Siie paper, Imirdoih h'>Fvrd:<. £i 49. 

CALLIAT, VICTOR, AKCT.— Pacall^le des Ma>- 
BODB de FhIb, conBtrulleu dtpiilw 1S30 nua joura.— 18E7. 

tmrge folio, 60 ftsjics, 60 plates, and Goveral vlEnelte.-, £2 8b. 

riANfiTO, R— Sainte-MariS d'Anch. Athis 5Iono- 

gripliiqnB de Cette CithMral*. The Platen coTisii^t prinrlpally 
or onUiae diawlogs of Iho Psiuled GImb Wiudowa in this Cathe- 

dwl. 

120 ptntcji. eleeant In bdr-mormo eztn, (niorleaved, £5 16b. M. 

nASTEEMAN, A— PAKALfiLLE dee MAI- 

SOS,^ do BRUXSLLBB at dee PKINCI PALES TILLBa da 
!> BELGIQUE, conBtniltea dapqia 1680 Jtwqtfk noa Jonra, rapre- 
senti^s en pUna, CI^Titlona, conpaa et deialla IntMenn et exierleata. 
—Purl 3. 

o, 43 III all 
"3S ( 

iOtpiibiiecH. 



Small foUo, 48rlnt( 
of Binguiailv bta 
the ohjef ( 



riAERTNEK, F. V.— The epleiidid worka of M. 

' J (iAKKTNlilt of Miii.loli, drjw" 10 a v„ry htrga slie, con- 
siarin- of tlie library in plans, cli-Tfltiniis. iiilcrinrs, details, and 



Small folic, 88 fino platen of tl 
of Ibo lioijHfi, and churohffl .. . 
lery neativ lislf-liniin.t In morocco, £2 12^. 6rf. 

KALLENBACH, C. C— Olimiologie der Deutaeh- 
M lltp lallorllehon Biuihim-^r.— M li [l.:lic II, Fin^ W.>rk. 

The works of the great mailer KLENZIL of Miinicli, in 6 pnrtB 
Unnicli and St. Paitrfibnre, £2 2-. 

TTLENZE, LEO VON. — S-immlang »Artliitec- 

JV tonlslier EntwHrfe. fur die ALwfUhruug boalimmt Cderwlrk- 
Ilott BUBgefUlirt. FnbUnhed In Munkh. 

■ John We*te, 69, High Holbora, London, W.C. 
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L-OSETGN WORKS KEPT IN" STOCK AS 

^ FOLLOWS 

pETlT, VICTOB.— CHATEAUX DE FBANCE. 

Mljt*ii»i rtfloliig. Pwla. 

LivnluDB 1 li 18, Ter7 fiiicly executed plaloi. Urge Imperial lb]Ia, 
CHATEAUX DE LA VAT.L^E DE LA 

LOIUl! UES XV, XVI, KT COMMENCEMENT DO XVII 

8 1ECLE.— Fans . 1^57 -mi. _ _ _ 

dln,eSpTnl,.B, 7'2f.; £a 10^. 

RECUEIL DE SCtTLPTUEES GOTHIQTJK— 
D«ulii^ et gnvefi k I'eau forUl d'apiia lea plui Ihbuz memt- 

nents ooDalnilts an Franca dapt''" '* — " — ' * ' — 

atelP, par ADAMS, Iiupeotenr d 

Paria. 1856. 

4 pai ts are publlahrd, price lis. 

pAMfeK— HISTOIKE GENERALE DE L'AE- 

CHlTKCTUitB. L'llla'o'rB EunSralB da I'ArElilteijturo, par 
Di^IEL B^MKB. fomo 2 voL gtauiie la Sva, publi&i ea 8 fas- 

6ToI>.,liirKeevo, namerouB flna woodeat!); taair morocco. 
■\7IOLET-LE-DnO. — DICTIONNAIEE EAI- 
• SONNE, da I'AicliUeatiirenuicalae da qninxItiiM aa aeldinie 

«»ola. Parta. Ifl64-a. 

2 vols., nttri f mporlal folio, price £S IHs. Sd. 

BADIA D'ALTACOMBA.— Storia e Ueacrizione 
della Antico BepvlehrD dci Rull dl Savuta, foadita da Amedio 



niottrato da Pnuwette Zanotlo. Vanaii*, 1818—1688. 

ill. Htsf ito, 62 veiT oeatlr ens raved oatllne Plates, £1 Sb. _ 



2 ToiH. lar^H tut Yvrj Daauf BoaraTea ouuiub rjans, xl dh. 

PANOVA.— Le Tombe ed i Monnmenti lUuBtri 

^ d'llalla. Mllano. 

2 vola. II", m Blabomta Plaica, £1 ISa. 

pAVALIERI 8AN-BEBT0L0 (NICOLA).— 

ISTITUZIONI Dl ARCUITETTURA STATICA E IDRAU- 
LICA. ManlQTn. 

3 vols, imperial Sn\]n, in p*r« nfeii-'la riivMons, ic„ Nbw anil mm-M 
ImproToi Edition, cimptitinR QifJ I'latts uf Ui» I'ulilic Biiildinss 
of Venice, planFi, i-lfirnlinns. sectuin^, nr.l dutidk, £H m. Gd. 

niCOGNARA (COUNT).—;* FabbriuliCBiMonu- 

^ msnli Co-^iiicii! fli VeneEla, illuBtFati da L.Cicagnar«, da A. 
DiiiJn, c i]a (t. A. Si'lvM. CiUzione con coploae note ed aggluDle dt 

rraiiU'!.!^. Vt-nc^^in. n- llu alab. Dai. di Q. Antonelli a ipeu de^I 
aiit. G. .Vnt 'nt^lli ii I.ni;l. iiu ItaBadonoa, 1*53. The elaborately de- 
scriptive <eil is ill I'TCiich and ItRlinn, beantifully printed. 

Copies elogantlv h.af-bniind in morocco, extra eHI, library copy 
audlnlerloavpd,£12 Venci-.in, ISjS. , 



omamenta, with bo 

filCH 

WTABI __ 
a RONZANI FKANCI 

omot^HO. 

John WealB, SB, lligli Uolbor, 



FOBEIGN WOKKS KEPX IN STOCK AS 



l>«isa lolio, CiinuikuluB ■ pnifusioii ot PiiLeii of the (iat>GeB,ili»iitTcii, 
MtsI da tIUbb, and oUier public IiiUldiDgi in HOTeral |iatt> of 
IlalV' El«eBatlT halC-boiuid In led morocco, eitia ellt ind Inter- 
leav»d,£6 6l. 

FABBItrOHE.— E DISEQNI D'ANTONIO 
aiEPO. MOBILE VEKETO. Vepeala. 

86 llTralxma, prlca £u lis. 
fJALLERIA DI TORINO (LA EEALE).— 

ninatnta da R. D'AZEOLIO, Uemb. dell' Acoid, &e. Ac. 
Capias, Indian proofd, £18 ISa. 
*.* Bound copies ineifgjintliaif-miinKiCobliidliiit.Indlt proof, £83 3«. 



attires Milken, do la 



Oblong foilo, GOnlatniug s profuiioa of picturesque vlcms of lutlaces 
snd pnbllo buildings itnd scenes of Venlca, exeoatsd in ttntsd 
illlu>gn'P)>7t dsscHpHotia ailaebad to eaeb. Elegant In 

balf ntra moroooo, loterleaTod, £4 l<E.6d. 

TTIEE, G.— TENEZIA MONUMENTAtE PIT- 

■Q. T ORESCA. Tenez U. 

Laige Ibllo.ei llTnisons or S vols,, withS TDli,of tut ludti^ 
£18 IRs, 

T BTABOTJILLT, P. — fidifiees da Eome Mo- 

i-l a.inip. I'aris, 18-25-SS. 



"DETNAUD, L.— Triittato di Arcliitertiirn 

-R- [«nBt1t8 tioiMiii gen.TiU s.ii P,lroi,.ii <MW f 
stills Btorla deir Art], cuti sanut. per cmii lii l,'i:u:iz,^ 



4 Imperial bulky 8vj Toiiimes, iiriiilod and piilil i li.'il mi .t i .iNdi 
rilj, anil IreslK of the early fOLinilat^oii i,f v,.|iii,, ni.,i c-^u 

■ political position, iith Pinles, £3 3^. ' ' ' ^ 

-E lo sue Lagune. Vcnezia, 1847. 



V'ENEZIA — Copies elegBntly bound and kUI, 
£i 148. M. VcnetU, 1847. 

In 2 IsrRfl ToUo ToiDtaa^ nunwTDnsIr and aUboimtal* dnvn Mates, 
TQiy woil eioeuiedln culllne, altogethm •TOTytfnBwoHc. Vtrj 
niagsntlr bBlf-bonsd la moroooo, extn gilt and IntBrleaTsd, 
£19 lis. 

ACCADEMIA DI BELLI ARTL — Opere dei 

-Jl arandlConeorsiPnnniaWdaU'I.R.AoaidBinladalleBellBtArll. 
In Hilano, a pnblicatc, per curk^dell' Archttetto, O. ALDIgETTI-. 
mr la Claasl di Ornan«— pel la Claad dt ArehltoHort. fiantk «d 



Jobn Weila, G0, High Holbon, Iiondon, W.a 



3* 



FOREIGN" WOEKS, KEPT IN STOCK A& 
FOLLOWS^ 

AUta liilia, TeT7 fine ImprssiilDns, compIeCs la S psris/ CDlnn^Uer 
litlio, £3 ISs. 6d Eieg^tly hBltbonnil In eitn moroceo tad 
tatMiMvsa.fs tEs.ed. 

A LKBBTOLLI, C^.— Alonne Deoorazioni dl NohSi 
SUeedAltrlOniiWDBPtl. MUmo.lTW, IBM, 13 18. 

To be hid Bpparstelr, £1 89. 

^LBEBTOLLI, G.— Part III., very frequently 

SvoIb., foiio, 80 PlMw of tba most exqiilelto kind in colours, fir 
superior to BDj ei<srine <rnrk ofthe preaent dtr,£7 10s. 

ITOFFMAN, ET KELLERHOYES. — BeeueU 
-L-'- de Desslns reliUfq h I'Art de U Sdcontlon chez loos lea 
peoples Dt am plan bellci ^poques de I«nr BlTiliutloa, Sec, des- 
Mces H servlr de Dictift et de mnl^rliux ini peiDtreB, d£corat«nis, 

■l-l- Abbildune 
EtlndoiTD In derCiratI 
Christ Chureb, Kihid 
Bml EiUbltuhmciLi 
ACBXANDBR J, H 

Iluert, Patnler on GU>ut, ^^^nolIrT1. 'i'Jiework contains one aiiest 
wTtb the dedication <o A. J. B. aoPE, Bgq,,Bnd fourteen nrlddairs; 
In the vhole fifteen, beautihiliy engiKTed and ouefollf eolonnd. 

Ja large folio. 60 PUIaa, oontaiidog a profusion ot rleh It&lten and 
other omameau. EaagaBt Id bAtmsrooso, ijlt, ud IntulsKTad, 

£6 en. 

inLIEHNE, K— IsduBbm Artistica o itaocolto 

" dl Oompotiidcni a Dm ■ ■ - ■ -■ 

I, tippeiEsrte. >nna<nTe, 1 

. Taotria, leai-iaiia 

. PrlxN)^,Ii<fbHa;£8. 

r E PATTTR'E.— ColleotioQ dea pins belleB Com- 

^ pMdtloiu, gondBBparDECLOtlX, Anhte. L'ODrragaoo 
~nt plancEaa. Farls. 



M- 



ETIVIER, MONS. 



nUNAMENTENBtJCH^I^Uge Vemermigen 
^ fUr FabrikanteD, ZlMunaraurier vnil MtdcM BangBireite. 
Uanchen. • 

Jebn WmI*) SB, Hdb*^ London, W-C. 



TTOEEIGN WORKS. KEPT IN STOCK AS 

X FOLLOWS;— 



et Resnler, &c. £S Ss. 

OENEMENTS.— Tir6s on imit^s dea Quatre 
ficoles. r«riB. 

Biz Firts, Urge tullo, Pl«t« buuHtnllr coloured. In hc-ilnllea 
of tbs IntBHon, Ornamanta, Computments, Ctlllngi, &c. 



IntBHon, Ornamanta, Computments, Ctlllngi, &c 
BS. Ataa, elegaatif halthnBd la mocooeo gill, ti 4a. 
'MANN, L. — Onainfinte aas den vorzfig- 
Uebitni DMvetkan UUnclicDl. MODCben. 



Vbit «l««l>iit. In h»1f red mor™i. silt una Intprlimveil. £7 1T<. 03. 

2fANETTr, G.— STUDII AltCHITETTONICO 
I ORNAMENTALI.dedicall dl' J. R. Aeudemla-Vonatt della 
Bette ATti, seconda edltdone coo aggulnte dpi prof. L. URBANI. 
ee llTTOlBonB, Id imperlBl folio, nbout 2W of most cIsbDnUI]' do- 
■biwd «u>tJ«tB of ArchHeeture and Interior FliUoga, DuIbw fsr 
CobaiMir PlacM, Iron Work for Inleiiani and Exteriors, Qktei mi 
Vooiea Q»tea, Guden DeamttSam, Ac., Ac, ioolnding the Ap- 



A Catalogue, of 40 pages, to be had 
gratis; printed in demy 8to. 



Export Orders executed either for Prin- 
cipals abroad, or Merchants at home. 



in Alloi o/Plalu and Text, l2!r.o,pru!e 25s. together, 

IRON SHIP BUILDING. 



PRACTICAL ILLUSTRATIONS. 
JOHN GEANTHAM, N.A. 



DESCRIPTION OF PLATES. 



1. HoHinr tnd Bu EwIb, Stem and 

Stam Pmhr. 
a. Siaa Frtmn, Floorlagi, »ai Bilge 

Fleen. 

3. FIoorlDgs cantlnoed — KechonB, 

Deck B«Kiiis, OunvnliM, sua 
SlringEra. 

4. GnnwftleB eonlioaed — Lover 

DeckB, and Orlop Bfama. 

5. AogU-Jron, T Iron, Z Iron, Bulb 

Iron, IB rollad for Iron Sbip- 
Bniidlng. 
«. lUvata, ihovn Iq sea Hon, attaxtl 
dz^ Flnih and Ltpped Joints, 
vltli Single and Double III. 

FWlng, three pUns, Sulkbcids, 
and modes of raenrlDg Ihetn. 



Moulding the Frames 
Ship-biiildiDB, Level linj 
LoDeitiidinnl Section, sn 
brEsdlh Dfck Tlum i 



Larffi Teuel, afaarliic detalla,— 
Jbra Bui In Scotton, and End 
Tier. wtUi Stem PmI, Cmtehea, 
DeokBetms, &b. 



13. largt Taul, Otawiae delalla, — 
AJltr Bad Id KoUop, nVh End 
TIev, Btenk Fnuna for Bineir, 
■nd Budd«r. 

U. LoTie Vcml, Bliowitig details.— 
Jlidikip Sectim, Half braadtli. 

IG. J/-oc7,ine» for Piirching and Shear- 
ing PlaMs and Angle.IroD, and 
for Heading Flalos ; Hivet 
Uesttb. 

IS. a/acJinpj.— Carforlb'd ElveOng 

"UsGblne, DrilLlng and Counter 

Sinking Machine. 
17. ^it-FiirnaM for HMtlog Plates and 

Angle-Iron ; radons Tcola naed 

In SlveUngand PlaHng. 
IS. Onwalt, Keel, and Flooring; 

Plan for Shaalhing Iron Shlpi - - 

with Copper. 
13. Illiiottaliona of the Magnetic Con. 

dition of various Iron Sl.ips. 

20. Giaj'a Floating Compass and Bin- 

nacle, wilh Ailjuating Magnets. 

21. Corroded Iron Bolt In Frame of 

Wooden Ship; Caulking Joints 

22. Qrtal ^tlem— Longilndlnal Sm- 

tlona and Halt-breadtli Flaof, 

23. OmU BiMlem-'V.aM'B Saodon, 

with dilalb. 
21. Oreal Section In Engine 

Room, and Faddle Boies. 



TbiaWorJcniayl^IiadofMesBra. Lockw(,od & Co., No. 7, St»tionera' 
naU Court, and also of Mr. Wbalk ; either the Atlas Bepantelr 
m 1 1. St, ei. , or together n-ith the TcKt price as above stated. 

Bradbury and Eraus, Fiintsn, Whltetilara. 
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